
Remarks 

Submitted herewith in support of the Application are four (4) Declarations 
of Dr. Richard J. Gregory, a senior inventor herein, under 37 CFR 1.131 and 1.132 
identified as " h!' , , "C, and ''D'' that address in very great detail features 
that characterize the present inventions and their scope, and that further discuss 
the limits of the technology disclosed in the prior art references. 

Support for the Amendments to the Specification and the Claims is 
provided as follows: 

(1) With respect to the paragraph to be added to the Specification, entry of 
the amendment is proper since the paragraph was found in the 07/488,307 
parent application and was similarly positioned in the 07/589, 295 parent 
application. The '295 application was not abandoned until July 13, 1993, a date 
which is after the July 2, 1993 filing date of the present application. Thus the 
applications were co-pending. Entry of this amendment was requested 
originally in Applicants' paper of November 22, 1994, transmitted by facsimile, 
which may not have reached the Examiner. A duplicate copy of that Paper is 
attached hereto so that the file can be made complete. 

(2) The terminology used in the new. claims more closely follows that 
found in the Specification. To facilitate consideration of the Claims, the 
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following Listing provides mention of where certain terms or phrases used 

therein can be found ih the Specification: 

toxic CFTR fragments — page 10, line 32; and page 11, line 3. 

inviability — page 10, line 31; and page 13, line 29. 

stabilized cDNA — page 5, line 7. 

stably propagated — page 2, line 21 and page 4, line 14. 
intervening sequence — page 4, lines 19-22; and page 7, line 30. 
disrupts expression — page 4, line 20. 

spliced from CFTR primary RNA — page 7, line 32-34; and page 13, line 33. 

disrupts the translational reading frame — page 5, lines 8-10 

disrupts the protein coding sequence — page 13, line 30. 

stop codons — inherent in the sequence depicted in Figure 6 

stably maintained — page 13, at line 16; page 11, at line 30; and page 8, at line 9. 

origin of replication — page 4 at line 30; and page 13 at line 4. 

25 copies or less — page 5 at lines 1-3. 

position 936 T to C mutation — page 17 at line 20. 

transformed host cell — page 8, line 10. 

Preliminary Issues under Section 112 

Many of the suggestions made by the Examiner in the Official Action of 
December 9, 1994 (hereinafter the "Official Action") have been adopted. 

In response to the rejection of the claims and parallel objection to the 
Specification that begins on Page 2, line 10 of the Official Action and that 
continues to Page 3, line 10 thereof, the term "propagation" has generally been 
adopted for use in the new claims. Applicants note however that there is no 
requirement under U.S. patent law that the terms used in the claims mirror 
precisely the terms used in the Specification, as long as usage would be 
imderstood in the art. The term "maintained" is, in fact, used in the 
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Specification, as noted in the Listing presented above. New claims 173, 174, 179 
and 180 refer, for exarhple, to stable maintenance of plasmids — which is 
precisely a use of that term as found in the Specification. 

With respect to the rejection under 35 USC § 112, first paragraph, that 
begins at Page 3, line 12 of the Official Action and continues to page 6, line 1 
thereof. Applicants have adopted certain of the Examiner's suggestions. The 
subject matter of the claims that are pending herein has been limited to involve 
only human CFTR or human CFTR-encoding sequence. The term ''sufficiently 
duplicative of human CFTR", and the like, has been deleted from the claims. 
Similarly, all of the claims have been limited to recite propagation, expression, 
and the like, in only one host organism , that is, E. coli . A substantial portion of 
this Reply is, however, directed to responding to the Examiner's rejections under 
35 USC § 112, first paragraph, that concern the scope of claim coverage to be 
accorded in relation to "introns" and "point mutations". 

With respect to the rejection under 35 USC § 112, second paragraph, that is 
foimd on page 6, lines 4-11 of the Official Action, it is believed that Applicants 
cancellation herewith of the involved claims makes the rejection moot. 
Applicants however acknowledge the Examiner's remarks. 

The Section 102(a) Rejection 

The Examiner has rejected previously pending Claims 139, 140, 146, and 
150 under 35 USC § 102(a) as being anticipated by J. Riordan et aL,"Identification 
of the Cystic Fibrosis Gene: Cloning and Characterization of Complementary 
DNA", Science . 245, 1989, pp. 1066-1073 (hereinafter "Riordan et al. 1989"). Since 
the rejection is likely to be applied to the newly submitted claims it is addressed. 
The Riordan et al. 1989 reference discloses the existence of natural introns of the 
CFTR gene, and the Examiner wishes to shift to Applicants the burden of 
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showing why "endogenous introns would not be expected to prevent jfunctional 
CFTR expression in bdcteria" (see the Official Action at page 6, line 14 to page 7, 
line 2). 

It is possible that certain natural introns, appropriately positioned, would 
indeed stabilize a full length CFTR-encoding DNA, or cDNA, to propagation in 
E. coli . This could be so if, for example, the placement of such an intron into a 
CFTR-encoding DNA leads to satisfaction of the functional criteria first disclosed 
in Applicants Specification, as set out also in Applicants' newly presented Claim 
177, which criteria are further discussed in the Declaration "B'' of Dr. Richard 
Gregory, an inventor herein, that is submitted herewith. However, submitted 
Declarations "A", "B", and "D" of Dr. Gregory discuss at length imderlying facts 
about the Riordan et al. 1989 disclosure that remove it as a reference under § 102 
against the claims of the present application. Accordingly, this rejection is 
traversed in its entirety and no burdern may be shifted to Applicants herein to 
compare or demonstrate any properties of the introns described by Riordan et al. 
1989. 

Simply stated, proper application of the novelty standard under § 102 
requires that there be identity between the subject matter disclosed in the prior 
art reference and the subject matter of an Applicant's later application ( as 
claimed therein ), before there can be an anticipation. The present Applicants' 
have not claimed any introns per se as compositions, nor have they claimed any 
intron-containing DNA molecules that encode only a fragment of full length 
CFTR. Instead, Applicants relevant claims are, and at all times have been, 
directed to DNA molecules that encode full leng th CFTR, a composition which 
Riordan et al. 1989 neither disclose, nor enable production of. 
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Riordan et al. 1989 as published on September 8, 1989 contains no written 
description whatever concerning construction of a full length CFTR-encoding 
DNA or cDNA, nor any disclosure concerning how to stabilize the CFTR- 
encoding DNA for propagation in E, coli . Although the disclosure in Document 
(B) contains the disclosure (at page 1072, lines 26-31 thereof) 

"With the CF gene (that is, the cDNA) now isolated, it 
should be possible to elucidate the control of ion 
transport pathways in epithelial cells in general. 
Knowledge gained from the study of the CF gene 
product (CFTR), both the normal and mutant forms, 
will provide a molecular basis for the development of 
improved means of treatment of disease." 

in fact, at that time, no full length CFTR-encoding cDNA or DNA had been 
constructed, and the production of such stable constructs was not enabled 
thereby. The above quote is readily misunderstood. 

There are available, however, other publications by authors /inventors 
having commonality of authorship /inventorship with the authors of Riordan et 
al. 1989, and published after that document, that provide clear "written 
description" of difficulties and setbacks that those authors faced in their attempts 
to isolate or assemble a full-length CFTR-encoding DNA and, in particular, one 
that was stabilized for propagation in E. coli . These experimental difficulties 
were so significant, and were for so long not overcome, that one is compelled to 
conclude that the Riordan et al. 1989 disclosure fails to enable production of a 
DNA or cDNA that encodes full-length CFTR. Indeed, as shown below, persons 
who are co-authors of the Riordan et al. 1989 reference concede this very fact. 
Publications of this type are discussed directly below. 

(1) An early indication from authors having commonality with the authors of 
Riordan et al. 1989 that assembly of a full length CFTR-encoding construct might 
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pose unanticipated difficulties can be found in Document (D) — as it is identified 
in the Exhibit Book submitted herewith — in the paragraph thereof (referring to 
isolation of stable clones) that bridges pages 31-32. 

"Since the number of recombinant cDNA clones for the CF gene detected 
in the library screening was much less than would have been expected 
from the abundance of transcript estimated from the hybridization 
experiments, it seemed probable that the clones that contained aberrant 
structures were preferentially retained while the proper clones were lost 
during propagation . Consistent with this interpretation, poor growth was 
observed for the majority of the recombinant clones isolated in this study, 
regardless of the vector used/' (emphasis added) 



(2) Document (H) — again as it is identified in the Exhibit Book — is a single 
page abstract published in October of 1990, that recites in nearly each and every 
sentence thereof a series of experimental problems that presumably began 
immediately after the publication of Riordan et al. 1989. Notable of statements 
included therein are: 



(a) ... "conventional approaches to cloning are unlikely to work." 

(b) "Numerous other strategies have also been attempted without 
success." 



(c) "Reducing the quantity of product by switching from a high 
copy number vector (Bluescript) to a lower copy number vector 
(about 20 copies per cell) of the pBR322 type yields rearranged 
clones also.", and 

(d) ... "the resultant 'normal' clones were also rearranged, whereas 
the deleted clones were stable. The type and spacing of these clone- 
stabilizing mutations suggest that at least a portion of CFTR is 
expressed in the bacterial host and that the unaltered product is 
toxic to the bacterium." 

With respect to item (c) listed directly above. Document (H) specifically 
teaches away from the utility of low copy number methodology which, by that 
time, had already been disclosed in the earliest parent of the present application 
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(United States Serial No. 07/488,307 filed March 5, 1990), along with two other 
methods, as being effective to stabilize the CFTR DNA for cloning in bacterial 
cells. Simply stated, the authors of Document H (Drumm et al. who share 
commonality with the authors /inventors of Riordan et al. 1989 — and with those 
who discovered the CFTR gene as a set of pieces) literally walked right up to the 
underlying answer , could not recognize it. and walked away from it never 
having imderstood that truly low copy number would work. This underscores 
the fact that those authors /inventors did not believe that a cryptic promoter was 
responsible for the difficulties encoimtered in cloning the CFTR cDNA — a 
conclusion that turned out to be clearly incorrect. 

(3) Finally, and most particularly, attention should be directed to Document 
(J) as it is identiifed in the Exhibit Book, where at page 7 thereof, under the 
heading ''Construction of a full-length CFTR cDNA", Dr. Lap-Chee Tsui explains 
in 1991 that 

''The reconstruction of a full length cDNA from the previously 
isolated overlapping fragments [citing Riordan et al. 1989 ] 
has been hampered, however, by the instability of a DNA sequence 
within the coding region [ citing Document (I) published in 
September of 1990 for disclosure by those authors of the existence 
of the problem ]. This technical difficulty was eventually overcome 
by the use of a low copy number bacterial plasmid [citing the work 

of Richard J. Gregory et al.] and " (emphasis added, citations 

therein again refer to Exhibit Book) 

In summary, it is plainly apparent to those skilled in the art that Dr. Tsui, 
a co-inventor /co-author of Riordan et al. 1989 has all but conceded that he/they 
did not enable provision of a full length CFTR-encoding DNA that was stable to 
propagation in bacteria in Riordan et al. 1989, and that enablement of this was 
not disclosed until September of 1990. 

[It also follows directly that any previous rejection of Applicants'claims directed 
to low copy number technology (now pending as claims 174 and 180) based on a 
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reference having such commonality of authorship /inventorship (see, for 
example, the rejection bver Collins et al, U.S. Patent 5,240,846, as mentioned in 
Paper No. 24, Examiner Interview Summary Record of November 23, 1994 ) 
cannot have been maintained.] 

Accordingly, and as further elaborated in paragraph 12 of Dr. Gregory's 
Declaration "D" , the earliest-in-time document that discloses construction of an 
intact full leng th CFTR- encoding DNA is believed to be present Applicants' 
United States Application Serial No. 07/488,307, filed March 5, 1990, which is the 
earliest parent of the present application. As reported therein, production of 
such DNA was accomplished by maintaining the DNA at low copy number in 
host E. coli (Examples 2 and 3 thereof), or by insertion into the CFTR-encoding 
cDNA of an intron that prevented expression from the cryptic bacterial promoter 
of RNAs that direct production of toxic CFTR fragments (Example 4 thereof). 
Additionally, that an equally effective outcome could be achieved by introducing 
a point mutation into the promoter sequence itself to disrupt recognition thereof 
by E. coli , but while not altering the amino acid sequence of the CFTR 
polypeptide to be expressed therefrom in mammalian cells, was also disclosed 
therein (Example 6). 

The present Applicants, being first-in-time, are thus entitled also to claims 
directed to full length CFTR-encoding DNA and even to such DNAs that lack 
any kind of stabilization or sequence modification to facilitate propagation in E. 
coli , i.e. wild type human CFTR-encoding cDNA. However, in order to facilitate 
examination of this application, claims directed to wild type (not stabilized) 
human CFTR-encoding cDNA are presently pending in a further continuation 
application. 

Applicants are concerned additionally that the Patent Office may restate 
the rejection over Riordan et al 1989, which appears to involve elements of 
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inherent anticipation, as a rejection based on § 103, or alternatively, as based on 
both § 102 and § 103; Although the making of such a rejection may conceivably 
be permitted in some limited circumstances ( Ex parte Gray , 10 USPQ 2d 1922, 
Board of Patent Appeals and Interferences, 1989), this is not so here where, 
v^ithout reference to the disclosure in the Specification of present Applicants, the 
practitioner of the art would have had no knowledge of the relationship between 
the certain type of intron or ''intervening sequence" as taught by Applicants and 
stable propagation in bacteria. To make such a rejection is simply to use 
Applicants' Specification as a reference against itself. The Examiner is requested 
to observe that Applicants' full length encoding constructs are vastly different — 
as products — from the partial clones of Riordan et al and therefore the 
prerequisite of "reasonable identity" that must be in place before the Examiner 
can require comparison of properties is not present (see Ex parte Gray at 1924 
thereof, citing In re Brown , 173 USPQ 685 (1972). 

It remains to address those rejections made by the Examiner under § 112, 
first paragraph, that relate to the scope of claim coverage that may be afforded 
Applicants' pioneering inventions with respect to the use of introns and point 
mutations that stabilize CFTR-encoding cDNA for propagation in E. coli . 

The Rejections under Section 112, First Paragraph, Concerning Introns and Point 
Mutations. 

The Examiner has rejected under 35 USC §112, first paragraph, those of 
Applicants' claims that are directed to the use of introns stating that the involved 
disclosure is enabling only for the specific intron depicted in Figure 6 of the 
Specification. The Examiner has also rejected those of Applicants' claims that are 
directed to altering the nucleotide sequence of the crj^tic promoter in the CFTR- 
encoding DNA by one or more point mutations stating, in this regard, that the 
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involved disclosure is enabling only for point mutations T748Cand A774G, as 
disclosed in Example 5 of the present Specification. There are additional facts 
that need to be called to the Examiner's attention in regard to both of these 
inventions, and which it is asserted, compel that the rejections be withdrawn. 

The Examiner is respectfully requested to review the attached 
Declarations carefully as they set out a chronology of events that will greatly 
clarify the state of the art, the nature of Applicants' inventions, and the scope of 
enablement provided by the present patent application, and the parent 
applications thereof. 

Declaration "A" is directed primarily to the state of the art at the time 
Applicants' inventions were made, and also establishes facts concerning the 
novelty of low copy number methodology. 

Declaration "B" is directed primarily to those of Applicants' inventions 
that involve use of intervening sequences ("introns") to stabilize CFTR-encoding 
DNA for propagation in E. coli. 

Declaration "C"is directed primarily to those of Applicants' inventions 
that involve using point mutations to alter the cryptic promoter in the CFTR- 
encoding nucleotide seqeunce such that it does not function in E. coli , but 
wherein the amino acid sequence encoded thereby(for later expression in 
eucaryotic cells) is unchanged. 

Declaration "D" is also directed to Applicants' inventions that involve 
point mutations, and as described below, is used to swear behind certain events. 

Point Mutations 

By reviewing Declaration "C" and Example 5 of the present application, 
(see also Example 6 of the parent 07/488,307 application), the Examiner can 
determine that Applicants disclosedthat a nucleotide subsequence within the 
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CFTR-encoding cDNA, at about positions 748 to 778 thereof, was a potential 
promoter . Based upon their results with introns and low copy number 
mothodology. Applicants had already determined that a promoter was 
positioned in the CRTR-encoding cDNA upstream from position 1716/1717 ( see 
Declaration "Q" at paragraphs 6 to 9). 

Following the methodology described in Example 5 of the application, and 
in routine course, the actual location of an active promoter was correctly mapped 
to positions 908-936 in the CFTR-encoding cDNA. This straightforward 
procedure is discussed at length by Dr. Gregory in his Declarations ''C" and "D" 
attached hereto. Applicants emphasize that once existence of the promoter was 
disclosed by the present Applicants', isolating it was but routine. 

As set out in those Declarations and following art-recognized 
methodology, the T936C mutation was fully reduced to practice by Gregory et al. 
prior to July 27, 1990, the date that their publication describing these results 
''Expression and Characterization of the Cystic Fibrosis Transmembrane 
Conductance Regulator", Nature , 347, issue of September 27, 1990, pp. 382-386, 
was received by that journal for publication. The invention was then disclosed in 
a patent application (see Example 7 of Serial No. 07/613,592, filed November 15, 
1990, at page 17, line 20 thereof). 

This filing date of this application is after the September 21, 1990 
publication date of Document (I) as listed in the Exhibit Book, which also 
discloses this mutation. The filing date is also after the September 18,1990 date 
of the 07/584,275 application from which U.S. Patent No. 5,240,846 to Collins et 
al. (Document F in the Exhibit Book) issued. The '846 patent also discloses this 
particular mutation. 

However, it is a straightforward matter for the present Applicants to 
swear behind both the September 18 and September 21, 1990 dates under 37 CFR 
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1.131, and Declarations "C" and "D'' attached hereto accomplish this. Applicants 
note that the inventions claiined in the Collins et al. patent are patentably 
distinct from those that are being claimed herein so that use of the Rule 131 
procedure is proper.. 

Applicants respectfully disagree with the Examiner's position that the 
scope of claim coverage to be accorded this aspect of the invention should be no 
broader than that encompassed by the particular species of point mutation that 
have been disclosed. Applicants identified a particular RNA polymerase 
promoter within the CFTR-encoding cDNA that conforms well to the E. coli 
consensus sequence. Once the existence of the promoter became known and its 
nucleotide sequence was determined, it became but trivial for those skilled in the 
art to inspect that sequence with the idea of exploiting degeneracy in the DNA 
code to select further suitable point mutations. No doubt, the Examiner would 
conclude - if Applicants had failed to claim their invention generically-that 
publication of their disclosure would render all such further mutations obvious. 
Applicants submit that the process of identifying such further suitable mutations 
within the already-identified promoter is trivial, and involves an amount and 
kind of experimentation that is well within the standards that define enablement 
( Ex parte Forman et al. , 230 USPQ 546, Board of Patent Appeals and 
Interferences, 1986, and In re Wands, 8 USPQ 2d 1400, CAFC, 1988). 

Intervening Sequences (introns) 

For reasons similar to those provided directly above. Applicants' claims 
directed to use of intervening sequences (introns) to stabilize propagation in E. 
coli of CFTR-encoding DNAs, and in particular cDNAs, are broadly allowable. 
The Examiner's attention is directed respectfully to Atlas Powder Co. v. E.I. 



21 



DuPont Nemours, 750 F.2d 1569, 224 USPQ 409, (Fed Cir. 1984) at 1576 wherein 
the Court determined * 



We agree with the district court's conclusion on enablement. Even if some 
of the claimed combinations were inoperative, the claims are not 
necessarily invalid. "It is not a function of the claims to specifically 
exclude ... possible inoperative substances... (citations omitted). 

Applicants' Specification provides reasonable guidance as to the factors 
that guide one to the selection of appropriate intervening sequences and to the 
positioning thereof. These factors were discussed at length in Declaration "B" of 
Dr. Gregory. Indeed, once Applicants determined that an active cryptic 
promoter was positioned at nucleotide positions 908 to 936 in the CFTR-encoding 
cDNA, placement of such introns, for example, at natural exon/intron 
boundaries close thereto is immediately suggested. 

Siince use of point mutations and intervening sequences provide the only 
two ways that, practically speaking, could be used to achieve the benefits 
provided according to the practice of the invention, presentation by Applicants' 
of broad claims is appropriate. 

Applicants reiterate the facts set out in the Declarations provided herewith 
which establish that no publication or patent application of another person has 
an effective date with respect to any of the above-described inventions that is 
prior to September of 1990. This is particularly important with respect to the 
following references (using the identifying letters of the Exhibit Book). 

(C) L. Tsui et al., "Cystic Fibrosis Gene", Intemational Patent 

Application Number PCT/CA90/00267 published on March 7, 
1991, bearing Publication Number WO 91/002796, and claiming 
the priority of United States patent applications 07/396,894, 
07/399,945, and 07/401,609 filed, respectively, on August 22, 24, 
and 31, 1989; 
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(E) F.S. Collins et ^L/'Gene Therapy for Cystic Fibrosis", International 
Patent Application Number PCT/US91/06660 published on April 
X 1992, bearing Publication Number WO 92/05273, and claiming 
the priority of United States patent application 07/584,275 filed 
on September 18, 1990; and 

(F) United States Patent 5,240,846 to Collins et al. issued August 31, 
1993 from Application No. 07/584,275 filed September 18, 1990. 

On the face of the Collins et al. patent it is stated that each of the U.S. 
patent applications whose priority was claimed in either of Documents (E) or (F) 
above was to be considered a parent appplication of the patent. However since 
more than a year elapsed between the filing of the priority applications that 
support Document (E) and the priority application that supports Document (F), 
international priority to all such applications could not be claimed in one PCX 
application. The resultant bifurcation into two PCT applications, whose 
disclosures can be compared, provides to the Examiner a simple tool whereby to 
confirm that disclosure in the Collins et al. patent, which might otherwise 
appear to be a reference against the present Applicants' inventions, has instead 
an effective date only of September 18, 1990, as reflected plainly by the text of 
Document (E). 

Should the Examiner consider presenting art further art rejections based 
upon these references, or other references that are related thereto, the burden is 
shifted to the Patent Office to evalaute in each such reference the true dates to 
which each disclosure therein is entitled. In this regard, the Examiner may wish 
to consult 

Application of Rinehart 531 F.2d 1048, at 1052 ( CCPA, 1976) wherein that Court 
stated: 
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"When prima facie obyiousness is established and evidence is submitted in 
rebuttal, the decision-maker must start over. Though the burden of going 
forward to rebut the prima facie case remains with the applicant, the 
question of whether that burden has been successfully carried requires 
that the entire path to decision be retraced/' 

Request for an Extension of Time 

Pursuant to 37 CFR §§ 1.136(a), Applicants requested on June 6, 1995 an 
Extension of Time for three (3) months from March 9, 1995 until June 9, 1995 so 
that a continuation application (itself filed June 6, 1995) of this application could 
be filed. A duplicate of that Request marked "COPY" is attached hereto. The 
Patent Office is hereby authorized to charge any other fee or fee amount that it 
determines may still be necessary to secure the filing of this Amendment to 
Deposit Account 07-1074. 

Additionally, no fees for the new claims are believed to be due since both 
the number of independent claims and the number of total claims added 
hereinby are less that the numbers thereof that have been canceled herewith or 
canceled previously. However, should the Patent Office determine that claim 
fees are due, then such fee may be charged to Deposit Account 07-1074. 
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(Conclusion 



Applicants do not waive their right to file a divisional or other 
continuation application directed to the subject matter of any claim by virtue of 
its having been canceled, amended, or withdrawn from consideration. 

Applicants firmly believe that the application is fully in condition for 
allowance, and that all pertinent issues have been addressed. It is respectfully 
requested that the claims now be passed to allowance. The Examiner is invited 
to phone the undersigned or Mark A. Hofer at (508) 872-8400 to discuss any 
matters that she believes require further attention. An early and favorable action 
is respectfully requested. 



Respectfully submitted. 



GENZYME CORPORATION 





William G. Gosz, Esquire 
Registration No. 27,787 
Attorney for Applicants 
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REGULATOR 



Honorable Commissioner of 
Patents and Trademarks 
Washington, DC 20231 



SIR- 



Declaration ^^A" of Dr. Richard L Grego ry under 37 CFR 1,132 



Dr. Richard J* Gregory declares as follows: 



L I am a co-inventor of the present U.S. Application Serial No. 08/087,132 
and of the subject matter described therein, and a co-inventor also of all of the 
parent applications thereof — No- 07/613,592, filed on November 15, 1990, No* 
07/589,295 filed September 27, 1990, and No. 07/488,307 filed March 5, 1990. 

2. I received my doctoral degree from the University of Massachusetts in 
1986 and was a Principal Scientist at Genzjmae Corporation in Framingham, MA 
during the time that the inventions described in the above-identified patent 
applications were made. 

3. I have read and am familiar with our above-identified patent application, 
and am familiar also with the content of the following Documents that are of 
record herein: 



(A) 



(B) 



J. M. Rommens et al., "Identification of the Cystic Fibrosis Gene: 
Chromosome Walking and Jumping", Science . 245, 1989, pp- 
1059-1065. 

J- Riordan et al., 'Identification of the Cystic Fibrosis Gene: 
Clorxing and Characterization of Complementary DNA", 
Science . 245, 1989, pp. 1066-1073. 



— signature copy — 
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Declaration "A" of Dr. Gregory 
page 2 

(C) L. Tsui et al., "Cystic Fibrosis Gene", International Patent 
Application Number PCT/CA90/00267 published on March 7, 
1991, bearing PubUcation Number WO 91/002796, and claiming 
the priority of United States patent applications 07/396,894, 

07 /399,945, and 07/401,609 filed, respectively, on August 22, 24, 
and31,1989- 

(D) L. Tsui, et aL "Introns and Exons of the Cystic Fibrosis Gene and 
Mutations at Various Positions of the Gene", Intematioiial Patent 
Application Number PCT/CA91/00009 published on Jidy 25, 1991, 
bearing Publication Nimiber WO 91/10734, and claiming the 
priority of Canadian national applications 2,007,699, 2^)11,253, and 
2,020,817 filed, respectively, on January 12, March 1, and July 10, 
1990. 

(E) F.S. Collins et al.,"Gene Therapy for Cystic Fibrosis", International 
Patent Application Number PCT/US91/06660 published on April 
2, 1992, bearing Publication Number WO 92/05273, and claiming 
the priority of United States patent application 07/584,275 filed 

on September 18, 1990. 

(F) United States Patent 5,240,846 to Collins et al. issued August 31, 
1993 from Application No, 07/584,275 filed September 18, 1990 

(G) L. Tsui et aL, "Stable Propagation of Modified Full Length Cjrstic 
Fibrosis Transmembrane Conductance Regulator Protein cDNA in 
Heterologous Systems", International Patent Application Number 
PCT/C A91 /00341 published on April 2, 1992, bearing Publication 
Number WO 92/05252, and claiming the priority of Great Britain 
national application 9020632.7 filed September 21, 1990. 

(H) M. Drumm et al., "The Full Length CFTR cDNA is Toxic in 
Bacteria". Pediatric Pulmonology . Supplement 5 (Abstracts). 
October 1990, Abstract No. 8, page 189. 

(I) M.L. Drumm et al., "Correction of the Cystic Fibrosis Defect 
in vitro by Retrovirus-Mediated Gene Transfer", Cell. 62, 
September 21, 1990, pp. 1227-1233. 

0) L. Tsui. "Probing the Basic Defect in Cystic Fibrosis", Current 

Opinion in Genetics and Development , 1, 1991, pp. 4-10. 
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4- My co-inventors and I commenced assembly of a full length CFTR- 
encoding deoxyribonucleotide sequence when it became apparent that, for 
unknown reasons, the authors of the above-mentioned Document (B) were 
unable to aimounce construction of a full-length CFTR-encodiiig DNA, 

5. Accordingly, following the publication date of Document (B), my co- 
inventors and I obtained partial cDNA clones Til, T16-1, T16-4-5, and Cl-1/5 
from the American Type Culture Collection Rockville, MD, as deposited therein 
by Riordan et al 1989 (see Document B). 

6. Document (B) as published on September 8, 1989 contains no written 
description whatever concerning construction of a full length CFTR- enco ding 
DNA or cDNA, nor any disclosure concerning how to stabilize the CFIR- 
encoding DNA for propagation in E, coli . Although the disclosure in Document 
(B) contains the disclosure (at page 1072, lines 26-31 thereof) 

"With the CF gene (that is, the cDNA) now isolated, it 
should be possible to eludda:te the control of ion 
transport pathways in epithelial cells in general. 
Knowledge gained from the study of the CF gene 
product (CFTR), both the normal and mutant forms, 
will provide a molecular basis for the development of 
improved means of treatment of disease/' 

in fact, at that time, no fuU. length CFTR-encoding cDNA or DNA had been 
constructed, and the production of such stable constructs was not enabled 
thereby, 

7. The following of the above-listed Documents (which in all cases have 
conunonality of authorship /inventorship with the authors of Document B) are 
among those that — instead — provide dear ''written description" of difficulties 
and setbacks that those authors faced in their attempts to isolate or assemble a 
full-length CFTR-encoding DNA and, in particular, one that was stabilized for 
propagation in E^colL' 

Document(D) which incorporates several priority filing dates up to and 
including a filing date in July of 1990 disdoses at pages 31-32 thereof: 
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"Since the number of recombinant cDNA clones for the CF gene detected 
in the library screening was much less than would have been e>^ected 
from the abundance of transcript estimated from the hybridization 
experiments, it seemed probable that the clones that contained aberrant 
structures were preferentially retained white the proper clones were lost 
^lipngprn pagation . Consistent with this interpretation, poor growth was 
observed for the majority of the recombinant clones isolated in this study, 
regardless of the vector used." (emphasis added) 

Document (H), a single page abstract published in October of 1990, recites in 
nearly each and every sentence thereof a series of experimental problems that 
presumably began immediately after the pubUcation of Document (B). Notable of 
statements included therein are: 

(a) . .. "conventional approaches to cloning are uitlikely to work." 

(b) "Numerous other strategies have also been attempted without 
success." 

(c) "Reducing the quantity of product by switching from a high 
copy number vector (Bluescript) to a lower copy number vector 
(about 20 copies per cell) of the pBR322 type yields rearranged 
clones also.", and 

(d) ... "the resultant 'normal' clones were also rearranged, whereas 
the deleted clones were stable. The type and spacing of these done- 
stabilizing mutations suggest that at least a portion of CFTR is 
expressed in the bacterial host and that the unaltered product is 
toxic to the bacterium." 

With respect to item (c) listed directly above. Document (H) specifically 
teaches away from the utility of low copy nimiber methodology which, by that 
time, had already been disclosed in our earliest United States priority document 
( Serial No. 07/488^07 filed March 5, 1990), along with two other methods, as 
being effective to stabilize the CFTR DNA for cloning in bacterial cells. Simply 
stated, the authors of Docimient H (Dnmun et al. who share commonality with 
the authors/inventors of the prior art references applicable herein — and with 
those who discovered the CFTR gene as a set of pieces) Uterally walked right up 
to the underlying answer, yniild not yecognize it. and walked away from it 
never having understood that truly low copy number would work. This 
underscores the fact that those authors/inventors did not believe that a cryptic 
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promoter was responsible for the difficulties encountered in cloning the CFTR 
cDNTA — a conclusion that turned out to be clearly incorrect- 

As mentioned above, my co-inventors and I had on March 5, 1990 already 
disclosed that truly low copy number was effective. That description (see 
Examples 2 and 3 of Applicants' 07/488^07 priority document, or Examples 1 
and 2 of the present application) provides what we believe is the first successful 
assembly of a full Icngdi CFTR-encoding DNA. Example 4 (intron insertion) and 
Example 6 (point mutation within the promoter) of that priority application 
disclose stabilizing ttie CFTR-encoding cDNA for propagation in E, coli. (see 
corresponding Examples 3 and 5 of the present application). 

Finally, and most particularly, attention should be directed to Document (J), 
where at page 7 thereof , imder the heading "Construction of a full-length CFTR 
cDNA", Dr. Lap-Chee Tsui explaii^s in 1991 that 

''The recor\struction of a full length cDNA from the previously 
isolated overlapping fragments [citing Document "B'' above] 
has been hampered, however, by the instability of a DN A sequence 
within the coding region [ citing Document (1) above published in 
September of 1990 for disclosure by those authors of the existence 
of the problem ]. This technical difficulty was eventually overcome 
by the use of a low copy number bacterial plasmid [citing the work 
of Richard J, Gregory et al.] and " (emphasis added) 

In summary, it is plainly apparent to those skilled in the art that Dr. Tsui, a co- 
inventor/co-author of nearly every Document enumerated above has all but 
conceded that he/they did not enable provision of a full length CFTR-encoding 
DNA that was stable to propagation in bacteria prior to September of 1990. 



I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or 
imprisorunent, or both, imder Section 1001 of Title 18 of Uiuted States Code, and 
that the making of any such willful false statements may jeopardize the validity 
of this application, of related applications, and of any patent issued tliereon. 

Date: ^/ S / Declarant {f^'H^ 

Richard J.^regory,*Th,D. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: Gregory et. al. 
Serial No.: 08/087,132 
Fikd: Jtily2,1993 

For NEW DIAGNOSTIC AND TREATMENT METHODS 

INVOLVING THE CYSTIC FIBROSIS TRANSMEMBRANE 
REGULATOR 

Honorable Commissioner of 
Patents and Trademarks 
Washington, DC 20231 

Declaration of T)t. Richard J. nregory un»lpr 37 CFR 1.132 

SIR: 

Dr. Richard J. Gregory declares as follows: 

1. I am a co-inventor of the present U.S. Application Serial No. 08/ 087,132 
and of the subject matter described therein, and a co-inventor also of all of the 
parent applications thereof — No. 07/613,592, filed on November 15, 1990, No. 
07/589,295 fUed September 27, 1990, and No. 07/488,307 filed March 5, 1990. 

2. I received my doctoral degree from the University of Massachusetts in 
1986 and was a Principal Scientist at Genzyme Corporation in Framingham, MA 
during the time that the inventions described in the above-identified patent 
applications were made. 

3. I have read and am familiar with our above-identified patent application, 
the content of the Official Action of December 9, 1994 that is pending herein, and 
the reference Riordan et al. (J. Riordan et al, "Identificatjon of the Cystic 
Fibrosis Gene: Cloning and Characterization of Complementary DNA", Science, 
245, 1989, pp. 1066-1073) that is cited in the Official Action against certain claims 
of our application. 

L The Scope of the Riordan et al. Disclosure 

4. As explained in my Declaration "A" and Declaration "D"submitted 
herewith, Riordan et al. (see also its companion paper, J. M, Rommens et al., 
"Identification of the Cystic Fibrosis Gene: Chromosome Walking and Jumping", 
Science . 245, 1989, pp. 1059-1065) describe the isolation of the gene for CFTR (and 



Examiner: Dr. K. C. Carlson 
Art Unit: 1812 
Docket: NZI-012CN 
IG4-9.2(FWC) 
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the corresponding cDNA) only as a series of overlapping partial clones, but with 
no done encoding full length CFTR having been isolated or constructed. My 
Declarations "A" and "D" describe — in considerable detail — the difficulties, 
failures, and setbacks encountered by authors/inventors having commonality 
with Riordan et al witli respect to tlieir subsequent attempts to asssemble a Ml 
length DNA or cDNA coding for CFTR, and in particular, such a DNA or cDNA 
stabilized for propagation in E, coll . 

5. I have noted the Examiner's remarks in the Office Action of December 9, 
1994 that reflect her suggestion that natural introns, such as those disclosed by 
Riordan et al-, may be useful to stabilize CFTR-encoding cDNA for propagation 
in E, coli . and that this aspect of the Riordan et al disclosure anticipates certain of 
our inventions. 

6. . Newly pending Claim 168 defines certain inventions that relate to CFTR- 
encoding DNAs that contain intervening sequences (see the definition of ''intron" 
on page 7 of the Specification). The defined elements of these inventions include 
inter alia that the involved DNAs be purified and isolated, that they encode full 
leng th CFTR, are stabilized to propagtion in E. coli owing to placement therein of 
an intervening sequence capable of being spliced from CFTR primary RNA 
transcript when expressed in a eucaryotic cell, and wherein said intervening 
sequence is placed downstream from the cryptic promoter in the encoding DNA, 
and contains one or more stop codons or disrupts the CFTR translational reading 
frame, Riordan et al. antidpates none of these. 

7. Additionally, Riordan et al, neither disclose — nor even remotely 
suggest— use of any kind of intervening sequence to stabilize DNA for 
propagation in bacteria- In fact, the first reference that teaches such use of 
introns is U. S. Serial No. 07/488,307, which is a parent application of the present 
application. 

n. Intervening Sequences r^introns^O of the Present Invention 

8. Example 4 of our parent 07/488,307 Specification ( which is Example 3 of 
the present Specification) describes the construction of a full-length CFTR- 
encoding cDNA that contains an intervening sequence or "intron" that was 
placed bewteeen nucleotide positons 1716 and 1717 of the cDNA. 
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9. That one or more E. coli RNA polymerase promoters were indeed present 
within the nucleotide sequence of the CFTR cDNA was reasonably predicted 
from experiments (Examples 2 and 3 of the parent 07/488^07 Specification 
which are Examples 1 and 2 of the present Specification) whereinby we 
established that the CFTR-encoding cDNA could indeed be propagated in E. coli 

if care was taken to place it in a plasmid maintained therein at very low copy 

number. 

10. As described more fully in Declaration "C" attached hereto, I performed 
an analysis of the nucleotide sequence of the CFTR-encoding cDNA prior to ihe 
filing of our 07/488,307 parent application. That analysis indicated that one or 
more nucleotide subsequences in the cDNA, and located upstream from position 
1716 of the sequence, have strong sequence homology with the consensus 
sequence for an E. coli RNA polymerase promoter. 

11. We were able to confirm that placement of the intron described in 
Example 3 of the present Specification (see also Figure 6 thereof) between 
nucleotide positions 1716/1717 of tiie CFTR-encoding cDNA conferred 
advantageous growth characteristics on host.Ej_coli cells. 

This determination was based, in part, upon the following factors: 

(A) The intron was positioned dowi\stream from two specific sites (see 
Exhibit 1 to Declaration "C") where the promoter was expected to be located, 
but upstream from the nucleotide subsequence(s) of the CFTR cDNA that 
code for most of the presumptive transmembrane domains of CFTR 
(Rlordan et al at 1071). Since CFTR is a transmembrane proteiii, we 
presumed that at least a portion of its substantial toxicity toward E. coli host 
cells harboring the cDNA was due to insertion into the bacterial cell 
membrane of CFTR fragments produced via expression of the CFTR- 
encoding cDNA resulting from these E. coli promoter sequences. 

We also presumed that a sufficiently truncated CFTR (i.e. a CFTR fragnient) 
would be less likely to e)dubit severe toxicity toward E. coli ; 

(B) The intron disclosed in Figure 6 of the present application (and which is 
representative of introns useful in the practice of the invention) contains 
83 bases (not a multiple of 3) so that read-through by E. coli necessarily 
involves a frameshift of the translational reading of the CFTR, so that tine 
toxic peptide sequence would not be translated. Additionally, the 
intron of Figure 6 contains stop codons to further increase the chance 
that read-through will not occur; and 
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(C) The nucleotide 1716/1717 boundary defines a natural exon/intron 

boundary. Tlie use of an intron inserted into this site is advantageous since 
the intron wiU be efficiently spliced from the CFTR primary transcript 
when placed in eucaryotic cells. 

12. Based upon my experience given the teadiings of the appUcation, it would 
be routine for those skilled in the art to achieve similar results by preparing 
other intervening nucleotide sequences (introns), and then positioning them so 
that results equivalent to those shown in Example 3 of the present patent 
application, i.e. stable propagation of the cDNA in E.coli host cells, are achieved. 

Ideally, provision of these other intron-containing cDN As involves: 

(a) placing the intron dowstream from the region of CFTR cDNA that contains a 
cryptic promoter; 

(b) placement of the intron at a natural exon/intron boundary to facilitate 
splidng; 

(3) constructing the intron to contain a total number of nucleotides that shifts the 
translational reading frame dowstream therefrom, or to contain stop codons, or 
both; and 

(4) placing the intron sufficiently close to the cryptic promoter that the truncated 
CFTR- fragments that are prodcued are relatively short and unlikely to contain 
sufficient of the CFTR polypeptide seqeunce to exhibit toxic properties. 

13. It is well within the average skill of those in our art to prepare other of 
such constructs and to screen them to confirm stable propagation of CFTR- 
encoding cDNA in E.£Qli host cells. 

14. Additional positions within the CFTR-encoding cDNA that represent 
natural exon/intron boundaries where, it is expected, such intervening 
sequences can be placed with a high likelihood of utility include the boundary at 
1001/1002 (Riordan et al. at page 1068) and others that are not far downstream 
from this site. 
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I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of United States Code, and 
that the making of any such willful false statements may jeopardize the validity 
of Hus application, of related applications, and of any patent issued thereon. 

Date: ^^^^^^ Declarant ;, 

Richard J. 
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IN THE UNITED STATES'PATENT AND TRADEMARK OFFICE 

Applicants: Gregory etal. Examiner: Dr. K. C Carlson 

Serial No.: 08/087,132 Art Unit 1812 

Filed- July 2, 1993 Docket: NZI-012CN 

Filed. juiyz,ii/^c» IG4-9.2(FWC) 

Fon NEW DIAGNOSTIC AND TREATMENT METHODS 

INVOLVING THE CYSTIC FIBROSIS TRANSMEMBRANE 
REGULATOR 

Honorable Commissioner of 
Patents and Trademarks 
Washington, DC 20231 

n^rlaration ''C" of Dr. Richard T. firegmy under 37 CFR 1.131 and 1.132 
SIR: 

Dr. Richard J. Gregory dechres as follows: 

1. I am a co-inyentor of the present VS. Application Serial No. 08/087,132 
and of the subject matter described therein, and a co-inventor also of all of the 
parent applications thereof — No. 07/613^92, filed on November 15, 1990, No. 
07/589,295 filed September 27, 1990, and No. 07/488,307 filed March 5, 1990. 

2. I received my doctoral degree from the University of Massachusetts in 
1986 and was a Principal Scientist at Genzyme Corporation in Framingham, MA 
during the time that the inventions described in the above-identified patent 
applications were made. 

3. I have read and am familiar with our above-identified patent application, 
and the content of the Official Action of December 9, 1994 that is pending herein. 

4. Examples 1 and 2 of the present Specification (see also Examples 2 and 3 
of the parent 07/488,307 Specification) describe experiments that were conducted 
in order to provide CFTR-encoding cDNA in a form that was stable to 
propagation in E. coli . As described in those examples, placing the cDNA in a 
plasmid that is maintained in E. coli at very low copy number permitted stable 
propagation. The success of these experiments provided imp ortan t evidence that 
a cryptic RNA polymerase promoter was present within the CFTR-encoding 
cDNA. Altiiough the potential presence in the cDNA of other regulatory 
elements might have been responsible for the death of bacterial clones in which 
the cDNA was ii\aintained at higher copy number, we determined that the most 
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logical explanation was the presence in the cDNA of a cryptic RNA polymerase 
promoter. 

5. Exhibit 1 attached to this Declaration is a photocopy of a page from my 
laboratory notebooks (as maintained by the Genzyme Corporation) that was 
properly dated by me^ and properly witnessed by another, all on a date that is 
prior to the filing of our first priority application herein, U.S. Serial No. 
07/488,307 filed March 5, 1990. The page number assigned to that notebook page, 
and its date, have been removed as is permitted by PTO practice- It is hereby 
certified that all the markings and writings on this page that highlight certain 
nucleotide positions are original. 

6. AsshownbyExhibit 1, contained within the region of the cDNA that 
originates in exon 6 of the CFTR gene are located two nucleotide subsequences 
(the first between about positions 748 and 778 and a second between about 
positions 908 and 936) having strong homology to the recogryzed consensus R 
coh RNA promoter sequence. The Reznikoff and McClure article that was dted 
in Example 6 of our 07/488,307 application ( see corresponding Example 5 of the 
present application) describes and depicts this consensus sequence. 

7. Circled in Exhibit 1 are two potential translation initiator methionines 
(located at about position 980) that are appropriately downstream from the 
second of the two potential promoters- Directly upstream from these 
methionines (positions 963-967) there is also a bracketed sequence that shows 
homology witii that of a ribosome binding site (a Shine-Dalgarno sequence). 
Exhibit l also depicts an appropriate methionine and potential Shine-Dalgamo 
sequence downstream from the other potential promoter, 

8. Once we had determined that promoter activity was very likely found 
within exon 6 of the CFTR-encoding sequence, we set about demoristrating that 
the CFTR cDNA could be stabilized against the toxic effects of the promoter for 
propagation in coli . We were soon able to disrupt production of toxic CFTR- 
derived polypeptides from the promoter by placing an intervei^ig sequence (an 
intron) downstream from, but still reasonably close to, the promoter-affected 
region of exon 6 of a CFTR-encoding cDNA. The intron was placed at the natural 
exon/intron boundary represented by nucleotide positions 1716/1717, which 
also provides a convenient cloning site. As confirmed in those experiments (page 
15, lines 8-11 of the 07/488,307 parent application, and page 15, lines 1-3 of tiie 
present application) growth characteristics were improved for host E, coU cells 
containing the new stabilized cDNA. 
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9, Based on generally available information and following the teachings of 
the appHcation, it would be weU within the skill of those in our art to determine 
the exact nucleotide sequences within exon 6 that act as RNA pol>mierase 
promoters therein, and to then make one or more suitable point mutations in the 
promoter that would prevent its recognition by E. coli — but not alter the amino 
acids encoded therefrom . Such an encoding cDNA would permit production of 
the authentic human polypeptide sequence when placed in a eucaryotic cell. The 
straightforward protocol whereinby we identified the precise location of die 
RNA polymerase promoter in the CFTR-encoding cDNA is described in detail in 
our publication Gregory et al, "Expression and Characterization of the Cystic 
Fibrosis Transmembrane Conductance Regulator", Nature , 347, 1990, pp* 382- 
386, which is appended to my Declaration "D", and discussed therein in detail 

I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or 
ixnprisorunent, or both, under Section 1001 of Title 18 of United States Code, and 
that the making of any such wiUful false statements may jeopardize the validity 
of this application, of related applications, and of any patent issued thereon. 

Date: ^ I ^ Declarant : 




Richard/. Gregory, Ph-D 
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Witnessed & Understood by me, 

L /hi. rX 
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IN THE UNITED STATES PATENT AND TRADEMAKK OFFICE 

Applicants: Gregory etal. Examiner: Dr. K. C Carlson 

SerialNo.: 08/087.132 ArtUnit: 1812 

Kled: Iuly2,T993 Docket: J^™^ 

For- NEW DIAGNOSTIC AND TREATMENT METHODS 

INVOLVING THE CYSTIC FIBROSIS TRANSMEMBRANE 

REGULATOR 

Honorable Commissioner of 
Patents and Trademarks 
Washington, DC 20231 

r>«». ^1aratinn ^T**" ^^ ^^^^^ } (^-rc^f*rv tinder 37 CFR 1.131 



SIR: 



Dr. Richard J. Gregory declares as follows: 



1 . I am an inventor of the claims of the above-identified patent application 
and of the subject matter described therein. 

2. I received my doctoral degree from the University of Massachusetts in 
1986 and was a Principal Scientist at Genzyme Corporation in Framingham, MA 
during ti\e time that the inventions described in the above-identified patent 
application were iriade. 

3. I am a co-inventor of the present U.S. Application Serial No. 08/087,132 
and of the inventions defined by Claims 164 to 167 that are presently pending 
therein, and a co-inventor also of all of the parent applications thereof — No. 
07/613^92, filed on November 15, 1990, No. 07/589,295 filed September 27, 
1990, and No. 07/488,307 filed March 5, 1990. 

4. The inventions defined by the aforementioned Claims 164 to 167 were 
conceived of, and fully and actually reduced to practice, at a time prior to July 
27, 1990, the date that the manuscript corresponding to the publication, Richard J. 
Gregory et aL, "Expression and Characterization of the Cystic Fibrosis 
Transmembrane Conductance Regulator", Naturp . 347, issue of September 27, 
1990, pp. 382-386, was received by that journal for publication. Hie July 27, 1990 
receipt date and the August 31, 1990 acceptance date are clearly printed on the 
last page of this publication (wliich is already of record in the file of the present 
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appUcation). A reprint of this pubUcation is marlsed iSxhibit "1" and is attached 
to the present Declaration. 

5. The Gregory et al. article, as received by Nature on July 27, 1990, provides 
simple and direct confirmation of the disclosure in our 07/488^07 parent 
application filed March 5, 1990 that the encoding DNA sequence for human 
CFTR contains a functional (cryptic) RNA polymerase promoter located 
upstream from nucleotide position 1716 of the cDNA. This confirmation was 
accomplished in a simple and straightforward fashion by constructing clones m 
which various small fragments of the CFTR cDNA were placed upstream from a 
promoter-less reporter gene, and then monitoring for transcription/ translation 
from the reporter gene to confer resistance in the presence of antibiotic. As 
shown in Figure 1 of our Nature pubUcation, the CFTR cDNA sequence 
fragment 905-950 confers substantial antibiotic resistance, and contains a 
subsequence thereof (nucleotides 908-936) that lines up weU with the Ksoli 
consenstis promoter sequence (position 936 thereof provides the highly 
cortserved "T") as depicted in tiie Reznikoff and McClure reference (copy 
attached as Exhibit "2" hereto) that was dted in Example 5 of the present 
application (Example 6 of our March 5, 1990 07/488,307 parent appKcation) for 
the purposes of describing how to identify such a promoter . 

6. I am familiar with the content of the following references that are of 
record herein and that have effective dates before July 27, 1990: 

(A) J. M.Rommensetal., 'Identification of the Cystic Fibrosis Gene: 
Chromosome Walking and Jumping", Srience. 245, 1989, pp. 
1059-1065. 

(B) J. Riordan et al., "Identification of the Cystic Fibrosis Gene: 
Cloning and Characterization of Complementary DNA", 
Science . 245, 1989, pp. 1066-1073. 

(C) L. Tsui etal, "Cystic Fibrosis Gene", International Patent 
Application Number PCT/CA90/00267 published on March 7, 
1991, bearing Publication Number WO 91/002796, and claiming 
the priority of United States patent applications 07/396,894, 
07/399,945, and 07/401,609 filed, respectively, on August 22, 24, 
and 31, 1989. 
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(TVi L Tsui et al. "Introns and Exons of the Cystic Fibrosis Gene and 

Mutations at Various Positions of the G€ne^Internati<malPaten^^^ 

AppUcation Number PCT/CA91/00009 published on July 25, 1991. 
bearing Publication Number WO 91/10734, and claiming the 
priority of Canadian national applications 2^)07,699, 2,011^3, and 
2,020,817 filed, respectively, on January 12, March 1, and July 10, 
1990. 

7 I am also familiar with the content of the foUowing references that are of 
record herein and that, as discussed below, have effective dates that are 
after July 27,1990: 



(E) 



F S. Collins et aL,"Gene Therapy for Cystic Fibrosis", International 
Patent AppUcation Number PCT/US91/06660 published on April 
2, 1992, bearing PiibUcation Number WO 92/05273, and claimmg 
the priority of United States patent application 07/584,275 filed 
on September 18, 1990. 

(F) United States Patent 5,240,846 to Colliixs et al. issued August 31, 
1993 from Application No. 07/584,275 filed September 18, 1990 

(G) L. Tsui et al, "Stable Propagation of Modified FuU Length Cystic 
Fibrosis Transmembrane Conductance Regulator Protein cDNA in 

Heterologous Systems", International Patent Application Number 
PCX /C A91 /00341 published on April 2, 1992, bearing Publication 
Number WO 92/05252, and claiirung the priority of Great Britain 
nationalapplication 9020632.7 filed September 21, 1990. 

(H) M. Drummetal., "The Full Length CFTRcDNA is Toxic in 
Bacteria", Pediatric Pul monologv , Supplement 5 (Abstracts), 
October 1990, Abstract No. 8, page 189. 

(I) M.L. Drumm et al., "Correction of the Cystic Fibrosis Defect 
in vitro by Retrovirus-Mediated Gene Transfer", Cell, 62, 
September 21, 1990, pp. 1227-1233. 

(J) L.Tsui. ''Probing the Basic Defect in Cystic Fibrosis", Cunsct 

Opinion in (genetics J trtA Dpvplnpment , 1, 1991, pp. 4rl0. 
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8. Careful review of references (A) through (C) demonstrates that there is not 
therein disclosed a complete DNA molecule that encodes for the human CFTR 
protein. Instead, the gene (or cDNA) is disclosed in pieces, with no teaching as to 
how one would assemble a genomic DNA (or a cDNA) that would encode full 
length CFTR. 

9. The disdosiure found in Document (B) appears to be misleading in that it 
is represented therein that the cDNA for CFTR has been isolated. In this regard, 
see Document (B) at page 1072, lines 26-31 thereof, wherein it is stated: 

"With the CF gene (that is/the cDNA) now isolated, it 
should be possible to elucidate the control of ion 
transport pathways in epithelial cells in general. 
Knowledge gained from the study of the CF gene 
product (CFTR), both the normal and mutant forms, 
will provide a molecular basis for the development of 
improved means of treatment of disease." 

Careful review of Documents (B) and (C) indicates that the gene (or cDNA) is, in 
fact, only disclosed in pieces, that is, as a series of overlapping clones. Most 
particularly^ neither reference suggests provision of a DNA that can be stably 
propagated in bacteria without causing inviability thereof- 

10. An early indication from authors having commonality with the authors of 
Documents (A), (B), and (C) that assembly of a full length CFTR-encoding 
construct might pose unanticipated difficulties can be foimd in Document (D) in 
the paragraph (referring to isolation of stable clones) that bridges pages 31-32. 

"Since the number of recombinant cDNA clones for the CF gene detected 
in tlie library screening was much less than would have been expected 
from the abundance of transcript estimated from tlie hybridization 
experiments, it seemed probable that the clones that contained aberrant 
structures were preferentially retained while the proper clones were lost 
during propagation . Consistent with this interpretation, poor growth was 
observed for the majority of the recombinant clones isolated in this study, 
regardless of the vector used /' (emphasis added) 

11. An additionalpublication which shows that a full length CFTR-encoding 
DNA could not be prepared is Document (H) published in October 1990. Again, 
the authors thereof sliare commonality with the inventors /authors of references 
that have been cited against the present application. Notable statements by 
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those authors concenung their efforts to assemble such a hall length cor^fruct 
include (a) "conventional approaches to cloning are unlikely to work , (b) 
"numerou*; other strategics have also been attempted without success , and (c) 
"reducing the quantity of product by switching from a high copy number vector 
(Bluescript) to a lower copy number vector (about 20 copies per cell) of the 
pBR322 type yields rearranged clones also". 

12. The earliGSt-in-time document that discloses construction of an intact full 
length CFTR- encoding DNA is believed to be our United States Application 
Serial No. 07/488307, fUed March 5, 1990, which is the earliest parent of the 
present application. As reported therein, production of such DNA was 
accomplished by maintaining the DNA at low copy number in host E^coU 
(Examples 2 and 3 thereof), or by insertion into tlie CFTR-encoding DNA of an 
intron that prevented expression from the cryptic bacterial promoter of RNAs 
that direct production of toxic CFTR fragments (Example 4 thereof). 
Additionally, that an equally effective outcome could be achieved by introducmg 
a point mutation into the promoter sequence itself to disrupt recognition thereof 
by E. coli , but while not altering the amino add sequence of the CFTR 
polypeptide to be expressed therefrom in mammalian cells, was also disclosed 
therein (Example 6). 

13. Document (I) contains disclosure that concerns production of full length 
CFTR- encoding DNA, and that concerns the use of a point mutation at position 
936 in the CFTR cDNA to facilitate cloning in bacteria. Such disclosure is to be 
foiind in Document (I) at page 2 thereof. Document (I) has a publication date of 
September 21, 1990 and was not even submitted to Csll for publication until on 
or about September 7, 1990. Additiormlly, Document (I) contains the 
acknowledgment (at page 1227 thereof) that " Early attempts to reconstitute a 
full-length CFTR cDNA from overlapping clones were uniformly unsuccessful." 

14. Documents (E), (F) and(G) each contain similar disclosure (see, for 
example, (E) at page 14, lines 1-29, (F) at column 11, lines 17-56, and (G) at page 
12, lines 9-30. However each of these documents is based on a patent application 
that was filed only in September of 1990. 
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15. Finally, and most particularly, attention should be directed to Document 
Q), where at page 7 thereof, under the heading "Construction of a full-length 
CFTR cDNA", Dr. Up-Chee Tsui concedes in 1991 that 

''The reconstruction of a full length cDNA from the previously 
isolated overlapping fragments [citing Document "B" above] 
has been hampered, however, by the instability of a DNA sequence 
within the coding region [ citing Document (I) above published in 
September of 1990 for disclosure by those authors of the existence 
of the problem ]. This technical difficulty was eventually overcome 
by the use of a low copy number bacterial plasmid [citing the work 
of Richard J. Gregory et al.] and (emphasis added) 

In summary, it is plainly apparent to those skilled in the art that Dr. Tsui, a co- 
inventor/co-author of nearly every Document enximerated above has all but 
conceded that he/they did not enable provision of a full length CFTR-encoding 
DNA that was stable to propagation in bacteria prior to September of 1990. 

16, All of the inventions disclosed in our present application and in all of the 
parent applications thereof were made in the United States. 



I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be 
true; and further that these statements were made with tlie knowledge that 
willful false statements and the like so made are punishable by firui or 
imprisonment, or both, under Section 1001 of Title 18 of United States Code, and 
that the making of any such willful false statements may jeopardize the validity 
of this application, of related applications, and of any patent issued thereon, 

Date: ^ ^ Declarant : 

Richard J. Gre, 
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FIG. 2 In vitro and in vivo expression 
of the CFTR protein, a. CRR cDNA tran- 
scripts were synthesized from plas- 
mids pTM-CFTR-3 and pTM-CFTR- 
3AF508 using T7 RNA polymerase and 
translated in a rabbit reticulocyte lysate 
cell -free system. Translation products 
were analysed by electrophoresis on 
6% SOS-polyacrylamide gels^® and 
fiuorography. Lane 1, control (no RNA 
added); lane 2, pTM-CFTR-3 transcript 
plus Triton X-100; lane 3, pTM-CFTR-3 
transcript plus microsomal mem- 
branes: lane 4. as in lane 3 then treated 
with W-Glycanase^; lane 5, pTM-CFTR- 
3 transcript truncated after codon 
1336, plus Triton X-100; lane 6. pTM- 
CFTR-transcript translated without 
Triton X-100 or microsomal mem- 
branes; lane 7, pTM-CFTR-3AF508 
transcript plus Triton X-100; lane 8, as 
in lane 2 except boiled for 3 min before 
electrophoresis, b, Expression of CFTR 
in transfected HeLa cells. CFTR 
expression was directed by a vaccinia 
virus/bacteriophage T7 hybrid 
expression system where transcription 
of transfected genes is catalysed by T7 RNA polymerase provided in trans 
by a recombinant vaccinia virus vector^^-^^. Cell lysates were prepared from 
HeLa cells labelled with [^^Inrwthionine and analysed as above. Lane 1. 
uninfected HeLa cells: lane 2. HeLa cells infected with vaccinia virus ; lane 
3, vaccinia-infected cells transfected with the control plasmid pTMl; lane 
A. vaccinia-infected cells transfected with pTM-CFTR-3; lane 5. pTM-CFTR-3 
in vitro translation product prepared in the presence of microsomal nf>em- 
branes: lane 6. as in lane 5 but prepared in the presence of 0.5% Triton 
X-100. Protein size markers (K) shown on the left. 
METHODS, a. Ptasmids pTM-CFTR-3 and pTM-CFTR-3AF508 are derivatives 
of pSC-CFTR-2 and pSC-CFTR-2AF508 {Fig. 1) in which the T7 RNA promoter 
and EMC virus internal rilxjsome entry sequence from plasmid pTM-1 were 
placed immediately upstream of the CFTR initiation codon and the T7 
terminator from pTM-1 was placed downstream of CFTR nucleotide 5,576 
(rets 13. 17). For in vitro synthesis of full-length CFTR (1,480 amino acids), 
plasmids were linearized at a $al\ site located downstream of the CFTR 
sequences and transcribed with T7 RNA polymerase (Stratagene). A trun- 
cated form of CFTR was synthesized from plasmids linearized with Tthllll 
which restricts within codon 1,337 of the CFTR sequence. One p-g of each 
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transcript was translated in a nuclease-treated rabbit reticulocyte lysate 
system (Promega) in a volunne of 50 jjlI. Where indicated, 0.5% Triton X-100 
or 7.2 equivalents of canine pancreatic microsomal membranes (Pron^ga) 
were included in the reaction. /V-Glycanase treatn^ent of in vitro translation 
products was performed on 2 m-I of translate (Genzyme). Reactions were 
diluted with an equal volume of sample buffer and 1 m-I was electrophoresed, 
except in the case of the A/-Glycanase reaction, in which 15 ^.1 was analysed. 
Unless indicated, samples were left at room temperature for 10 min before 
electrophoresis and fiuorography. The gel was exposed to film for 16 h. b. 
HeLa cells were plated at 50% confluency in 35-mm dishes 24 h before 
infection with recombinant vaccinia virus vT7-3 (ref. 13) (multiplicity of 
infection 10-20) and transfected with plasmids (5 jig) using 20 ^ lipofec- 
tin^ (BRL). Thirteen hours post-transfection, cells were labelled with 
P^lmethionine (25 jtCi mP^) for 1 h in hypertonic media (190 mM NaCI) 
before collecting in 250 jil 135 mM NaCI, 20 mM Tris-HCI (pH 7.4), 1 mM 
EDTA. 0.1% SDS, 1% Triton X-100, 100 jig jil"^ aprotinin and 17 jtM PMSF. 
HeLa lysate (20 fil) or 1 jil of in vitro translate were mixed with an equal 
volume of sample buffer and analysed as above. To produce equivalent 
exposures, lanes 1-4 were exposed for 48 h and lanes 5 and 6 for 6 h. 
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FKa. 3 Immunoprecipitatton of CFTR synthesized 
in vitro in rabbit reticulocyte lysates and in vivo 
in HeLa cells. A Plasmid pTM-CFTR-3 was tran- 
scribed with T7 RNA polynr>erase and translated 
in a rabbit reticulocyte lysate in the presence of 
canine microsomal membranes and [^^Jmethion- 
ine. Samples were immunoprecipitated with non- 
immune (Nl) rabbit serum (lane 1), a control 
irrelevant polyclonal antibody (CFN-21) raised 
against the c-fyn gene product^^ (lane 2), or poly- 
clonal antibody Exl3 (lanes 3. 4, 5 and 6). Similarly, 
immunoprecipitates derived from antibody Exl3 
were prepared from lysates of [^^Imethionine- 
labelled HeLa cells infected with vaccinia virus and 
transfected with either pTM-1 (lane 9) or pTM-CFTR 
(lanes 7 and 8). Sonf>e reactions contained 5 M-g 
(lane 4) or 10 \ig (lanes 5 and 8) )3-galactosidase- 
exon 13 fusion protein or 10 jig 0-galactosidase- 
exon 10 fusion protein (lane 6). Fiuorography was 
for 12 h. b, {^^Imethionine labelled CFTR synthe- 
sized in vitro and immunoprecipitated with anti- 
body Exl3 (lane 1), ExlO (lanes 2-4), monoclonal 
antitodies 13-1 (lanes 5-7) and 13-2 (lanes 8- 

10) raised against the /3-galactosidase-exon 13 fusion protein or an 
irrelevant monoclonal antibody (423) raised to SV40-T (ref. 20) (lane 11). 
Lanes 3. 7 and 10 contained exon 10 fusion protein (10 jig) and lanes 4, 
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6 and 9, exon 13 fusion protein (10 jig). Fiuorography was for 12 h. Prepar- 
ation and purification of antibodies, and of fusion proteins were as previously 
published^® Protein size markers (K) shown on the left. 



FtG. 4 a, Immunoprecipitation of CFTR from nonrecombinant 
cells. Full-length CFTR synthesized in vitro in the presence 
(lane 1) or absence (lane 2) of membranes and truntated 
CFTR synthesized in vitro, terminating at residue 1,336 (lane 
3) were immunoprecipitated with antibody Exl3 and incubated 
with protein kinase A (20 ng) and [y^^PjATP (10^tCi) in a 
final volume of 50 ^tl in kinase buffer (50 mM Tris-HCI, pH 
7.5, 10 mM MgCIa and 100 ml"^ bovine serum albumin) 
at 30X for 60min^^. Immunoprecipitates of equivalent 
amounts of extracts of Panc-1 (lane 4), T84 (lane 5) and NIH 
3T3 fibroblasts (lane 6) were subjected to the same treat- 
ment. Samples were heated at 37 X for 10 min before elec- 
trophoresis. Exposure tinr>e was 20 min at -70 **C. b, One- 
dimensk>nal peptide analysis of CRR synthesized in vitro 
and in vivo. The CFTR synthesized in reticulocyte lysate in 
the presence of membranes (band B) and labelled with protein 
kinase A and [y^^PjATP (lanes 1-3) and that immunoprecipi- 
tated from T84 lysates (lanes 4-6, Band B and lanes 7-9, 
Band C) were digested with increasing anwunts of S. aureus 
V8 protease^®. Proteins in lanes 2, 5 and 8 were digested 
with 0.017 ^.g jil"^ of S. aureus V8 protease, lanes 3, 4 and 
7 with 0.17 p,g M-l of enzyme. Lanes 1, 6 and 9 were untreated 
samples. Exposure time was 24 h. 
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excised ^^P-labelled band B from immunoprecipitates of 
material synthesized in the cell-free system and prepared a 
partial preteolysis fingerprint using Staphyloccus aureus V8 pro- 
tease. In parallel, we prepared similar fingerprints of bands B 
and C from ^^P-labelled immunoprecipitates of T84 cells. As 
seen in Fig. 4b, the partial proteolysis fingerprints are virtually 
identical, demonstrating that the proteins immunoprecipitated 
from T84 cells are related to CFTR synthesized iVi vitro. 
Similar conclusions were drawn from experiments using 
endoproteinases Asp-N and Lys-C (not shown). One interpreta- 
tion of this result is that band C represents a fully processed 
version of the CFTR protein, with the addition of more carbohy- 
drate or phosphate, or both, to the core-glycosylated CFTR. 
The related multiple drug lesistance P-glycoprotein undergoes 
a similar shift in mobility on addition of N-linked carbohy- 
drate*^ 

These studies constitute a formal identification of the product 
of the CFTR open reading frame and verify several of the 
predictions made about the CFTR protein. First, CFTR associ- 
ates with membranes and is glycosylated, properties consistent 



with the finding that the CF defect in CI" channel regulation is 
observed in isolated cell-free patches of membrane. Second, 
CFTR can be phosphorylated by cAMP-dependent protein 
kinase, consistent with the finding that cAMP regulates CI 
channels in normal but not CF cell membranes. Third, CFTR 
is present in T84 cells but not fibroblasts, consistent with the 
finding that T84 cells show CI" channel regulation similar to 
that observed in normal airway epithelial cells, whereas channel 
regulation in fibroblasts is controversial. Furthermore, the agents 
described here provide materials for a wide range of studies on 
the CFTR and its function: for example, in the accompanying 
paper^^ we describe complementation of the defect in ion trans- 
port in CF epithelial cells by transfection of CFTR cDNA. Of 
particular interest will be the mechanism by which the bio- 
chemical activity of CFTR regulates, either directly or indirectly, 
the absorption and secretion of chloride ion. In terms of potential 
therapy for CF, the system we describe offers a means to screen 
for pharmacological compounds that interact with CFTR, and 
to test protein replacement and gene therapy as approaches in 
the treatment of CF. □ 
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FIG. 1 Identification of a functional £ coli promoter within the CFTR cDNA 
and assernWy of the complete CFTR open reading frame, a, Plasmid clones 
used to identify prorrwter sequences within the CFTR cDNA by activation of 
a promoterless CAT gene^° £ coli cells containing the constructs were 
challenged with increasing concentrations of chloramphenicol. Control plas- 
mids contained either no insert {pKK232-8) or the ^-galactosidase pronrwter 
(plac) from pBluescript SK" (Stratagene). Nucleotide coordinates for the 
CFTR gene fragments are as given by Riordan et ai7. Symbols: +, growth 
to confluence; + / - , slow growth; - . no growth, b. Alignment of the pron>oter 
sequence within the CRR cDNA with the consensus £ coli promoter 
sequence c. Map of the low-copy-number plasmid pSC-CFTR-2. which 
contains the first 5.5kilobases of the CFTR sequence of Riordan et al.\ 
including the entire open reading franrie. 

METHODS. DNA manipulations were according to published procedures^®. 




CFTR 5' TTGTGA < 17 bp -> GAAAAT 3' 

E. coli consensus 5' TTGACA <-— - 17 +/- 1 bp > TATA AT 3' 



936 



I I CFTR coding region 
I I CFTR noncoding region 
^1 Tl 1- derived non- CFTR DNA 
pSC- 3Z 



All CFTR plasmids were constructed using the partial CFTR cDNA clones 
Til. T16-1, T16-4.5 Cl-1/5 and 10-1 (ref. 7), (obtained from the American 
Type Culture Collection), except for PKK-oligo3, which contains synthetic 
oligonucleotides corresponding to nucleotides 905-950 of the CFTR cONA. 
The CFTR open reading frame was reconstructed in a plasmid (pSC-32) 
containing the pSClOl origin of replication from plasmid pL6338^^-^^ com- 
bined with the ^ -lactamase gene and: polyl inker of pGEM-3Z (Promega). 
Base pairs (bp) 1-645 of pSC-CRR-2 were derived from T16-1, bp 646- 
1317 from T16-1 and bp 1318-5,576 from T16-4.5. The CRR open reading 
frame within pSC-CFTR-2 was completely sequenced by the dideoxy 
sequenase method. To construct a AF508 variant of pSC-CFTR-2 (pSC-CFTR- 
2AF508), the sequence between nucleotide positions 1,504 and 2,463 was 
replaced with the corresponding segment from Cl-1/5, which contains the 
AF508 mutation. 



standard procedures'**. 

Figure 3a shows the immunoprecipitation of the cell-free 
product made in the presence of membranes and of the protein 
synthesized in HcLa cells transfccted with CFTR cDNA. Bands 
A and B are efficiently immunoprccipitated by polyclonal anti- 
body Exl3 (lanes 3 and 7). Neither preimmune serum nor 
immunoaffinity purified antibody raised against an irrelevant 
fusion protein O-galactosidasc-c-fyn; ref. 19) recognize the 
protein (lanes 1 and 2). Furthermore, the interaction is reversed 
by addition of excess ^-galactosidase-exon 13 fusion protein 
(lanes 4, 5, 8), but not by an excess of irrelevant fusion protein 
(lane 6). These data show that the antibody specifically recogn- 
izes both the proteins synthesized in vitro and the recombinant 
cell-derived proteins. 

Figure 3b shows immunoprecipitation of CFTR using two 
monoclonals (13-1 and 13-2) and immunoafl&nity-purified poly- 
clonal antibody Ex 10. Band B is recognized cfl&cicntly and 
specifically. In all cases, addition of the appropriate fusion 
protein inhibits immunoprecipitation. An irrelevant control 
monoclonal antibody (raised against SV40 T-antigcn; ref. 20) 
docs not recognize the protein. Epitope mapping of the, two 
monoclonals^* indicates that they recognize non-overlapping 
regions within exon 13 (not shown). Because two polyclonal 
antibodies and two distinct monoclonals raised against predicted 
CFTR sequences recognize the protein made iw vitro and in 
vivo, there can be little doubt that the 130/135 K protein rep- 
resents the product of the CFTR cDNA. 

Our initial attempts to immunoprccipitate CFTR protein from 
mctabolically labelled nonrecombinant cells were unsuccessful, 
probably because the amount of protein in these cells is small. 
We attempted to overcome the problem by phosphorylating the 



immunoprccipitated protein using the catalytic subunit of pro- 
tein kinase A and [/^P]ATP (ref, 22). Figure 4 shows proteins 
synthesized in vitro and labelled with ^^P after immunoprecipi- 
tation with the polyclonal antibody Exl3. Lane 1 shows that a 
protein migrating in the position of band B is labelled in 
immunoprecipitates of material synthesized in vitro in the pres- 
ence of canine microsomal membranes and full-length CFTR 
cDNA. More rapidly migrating proteins are detected in 
immunoprecipitates of the cell-free product made in the absence 
of membranes (lane 2) or under the direction of the truncated 
cDNA (lane 3). These results indicate that CFTR synthesized 
in vitro is a good substrate for protein kinase A when it is present 
in immunoprecipitates. 

Immunoprecipitates of extracts of nonrecombinant cells were 
labelled in the same way. Lane 5 shows that "P-labelled material 
comigrating with band B was detected in immunoprecipitates 
of T84 cells^^ treated with protein kinase A. A more highly 
phosphorylated, diffuse band of M,-- 150 K (band C) was also 
present. T84 ceils are a human colon carcinoma cell line known 
to contain relatively large amounts of CFTR messenger RNA^. 
Bands comigrating with B and C were not detected in Panc-1 
cells^^ (lane 4), mouse 3T3 cells (lane 6) or 27Sk human fibro- 
blasts (not shown). It is believed that these cells do not express 
CFTR^. Bands comigrating with bands B and C were also 
detected in similar experiments using extracts of T84 cells that 
had been reacted with the antibodies ExlO, 13-1 and 13-2 (not 
shown). 

The distribution in different cell types and the finding that 
four antibodies against CFTR sequences recognize material of 
similar mobility, suggests that the bands B and C labelled in 
T84 cell immunoprecipitates are CFTR. To confirm this, we 
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* Howard Hughes Medical Institute, Departments of Internal Medicine and 
Physiology and Biophysics, University of Iowa, College of Medicine, Iowa 
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Cystic fibrosis (CF) is a common lethal genetic disease that 
manifests itself in airway and other epithelial cells as defective 
chloride ion absorption and secretion**^, resulting at least in part 
from a defect In a cyclic AMP-regulated, outwardly-rectifying CI 
channel in the apical surface^. The gene responsible for CF has 
been Identified and predicted to encode a membrane protein termed 
the CF transmembrane conducUnce regulator (CFTR)*^. Iden- 
tification of a cryptic bacterial promoter within the CFTR coding 
sequence led us to constnict a complementary DN A in a low-copy- 
number plasmid, thereby avoiding the deleterious effects of CFTR 
expression on Esckerisckia coti. We have used this cDN A to express 
CFTR in vUro and in vitx>. Here we demonstrate that CFTR is a 
membrane-associated glycoprotein that can be phosporylated in 
vitro by cAMP-dependent protein kinase. Polyclonal and mono- 
clonal antibodies directed against distinct domains of the protein 
immunopreclpitated recombinant CFTR as well as the endogenous 
CFTR in qonrecombinant T84 cells. Partial proteolysis fingerprint- 
ing showed that the recombinant and non-recombinant proteins 
are indistinguishable. These data, which establish several charac- 
teristics of the protein responsible for CF, will now enable CFTR 
function to be studied and will provide a basis for diagnosis and 
therapy. 

Initial attempts to assemble a full-length CFTR coding 
sequence resulted in extensive rearrangements in the DNA 
clones obtained. This, together with the reported absence of 
fuil-icngth clones in the original isolates, made us consider 
whether transfectcd bacteria might be selecting against the full- 
length CFTR cDNA. Although the CFTR DNA sequence 
includes some repeated elements, they are not more frequent 
or extensive than is typical for other stable DNA sequences. 
This argued against intrinsic DNA instability as the cause of 
the problem but instead suggested that the presence of the 
full-length cDNA was toxic to cells. Such toxicity generally 
results from the inappropriate expression of cDNA and could 
be due to the presence of cryptic promoters within the DNA 
sequence. To search for any such transcription initiation sites, 
segments of CFTR were placed upstream of a promoterless gene 
encoding chloramphenicol acetyl transferase (CAT), transfected 
into E. coll, and the bacteria challenged with chloramphenicol'. 
By this means we identified an aaive promoter sequence begin- 
ning at residue 908 in exon 6B (Fig. la). This sequence shows 
good homology with the consensus E. coli promoter sequence, 
having 9 of 13 residues identical, including a highly conserved 
T residue at the 3' end of the -10 box (Fig, XhY^. 

To circumvent this problem of cDNA toxicity, we reduced 
the gene dosage of the cDNA by assembling a full-length CFTR 
open reading frame in a vector containing a low copy number 
of DNA replication originally derived from the plasmid pSClOl 
(ref. 11) (pSC-CFTR-2, Fig. Ic). A second plasmid pSC-CFTR- 

X To whom correspondence shoiid be addressed. 



2AF508 was constructed which contains a deletion correspond- 
ing to amino-acid residue 508, the site of a common CF muta- 
tion^. The resulting clones had no deleterious effect on bacterial 
growth and were stable. DNA sequence analysis of the complete 
coding sequence revealed a sequence identical to that reported 
by Riordan et al \ with the exception that the base at position 
1,990 is C rather than A. 

To examine the protein product of the CFTR cDNA, we 
constructed low-copy-number vectors (pTM-CFTR-3 and pTM- 
CFTR-3AF508) with the protein coding sequence immediately 
downstream of a bacteriophage T7 promoter and an 
encephalomyocarditis (EMC) virus internal ribosome entry 
sequence and followed by a T7 transcriptional terminator 
The T7 and EMC sequences were isolated from the plasmid 
PTM-1 (T. Mizukami, O. EIroy-Stein and B. Moss, personal 
communication). After transcription in vitro using T7 RNA 
polymerase, the resulting RNA was translated in a reticulocyte 
lysate in the presence of [^^S]methionine. Figure la shows an 
autoradiograph of the cell-free product after gel electrophoresis. 
A major band migrating with a relative molecular mass of 
130,000(Mr 130IC) was detected (band A, lane 2). When a 
truncated transcript generated by linearization at the TthWW 
site (amino acid 1,336) was translated, the of the cell-free 
product (lane 5) was, as expected, reduced by ^10 K. The M, 
of the in vitro product is somewhat smaller than that expected 
for a protein consisting of 1,480 amino acids. But Greenberger 
et al}^ have reported that the related multiple drug resistance 
protein also migrates faster than expected on polyacrylamide 
gels. 

In vitro translation was enhanced by the presence of detergent 
(0.5% Triton X-100)^^ in the reticulocyte cell-free extract (lane 
6). Furthermore, boiling the protein in sample buffer before 
electrophoresis dramatically reduced the amount of material 
migrating at 130 K and increased the material at the top of the 
gel (lane 8), Both these observations are reminiscent of 
results^"*'** with other integral membrane proteins and are prob- 
ably a consequence of the presence of several hydrophobic 
transmembrane sequences within the polypeptide. 

When translation in the reticulocyte lysate was performed in 
the presence of canine microsomal membranes, the mobility of 
the cell-free product decreased to correspond to M^— 135IC 
(band B, lane 3). This implies that band A is modified by the 
membranes by addition of core carbohydrate. Consistent with 
this, when band B was treated with detergent and N-Glycanase 
its mobility increased to comigrate with band A (lane 4). Transla- 
tion of the AF508 mutant cDNA gives a primary in vitro product 
indistinguishable from wild type (lane 7). 

To examine the expression of CFTR in transfected cells we 
used the vaccinia virus/T7 RNA polymerase hybrid expression 
system*^'*'. HeLa cells were infected with a vaccinia virus encod- 
ing the RNA polymerase of bacteriophage T7 and subsequently 
transfected with the vector pTM-CFTR-3 or control plasmids. 
Figure lb shows a polyacrylamide gel of the proteins labelled 
with [^^S]methionine after synthesis in infected and uninfected 
cells. Material co-migrating with bands A and B is present in 
infected cells transfeaed with the pTM-CFTR-3 vector, but not 
in those transfected with the control plasmid pTM-1 or in 
uninfected cells. Treatment with //-Glycanase resulted in a 
mobility shift of the upper of the two bands to generate material 
comigrating with band A (data not shown). Although not visible 
in Fig. 3, another band of 150 FC is also present in small 
amounts in the cells transfected with CFTR cDNA (see later). 

To characterize further the CFTR gene product we raised 
antisera in rabbits against fusion proteins containing the amino- 
acid sequences encoded by exon 13 (polyclonal antibody Exl3) 
or exon 10 (polyclonal antibody ExlO) fused to ^-galactosidase. 
Exon 13 encodes the unique, polar, R domain^. Exon 10 encodes 
a portion of the first nucleotide-binding fold, including the site 
of the common CF-related deletion, AF508'. Mouse monoclonal 
antibodies to the exon 13 fusion protein (monoclonal antibodies 
13-1 and 13-2) were also produced, screened and cloned using 
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E Co/i Promoters 

William S. Reznikoff 
William R. McClure 



The 2,000 plus genes in the Escherichia coli chromosome are frequently 
organized into groups or operons that are expressed as independent units of 
transcription. For each of these units there is a DNA sequence, termed a 
promoter, that signals the start of the transcript (i.e., it stimulates the RNA 
polymerase-DNA interaction that leads to transcription initiation) and a DNA 
sequence that signals the stop of the transcript (stimulating transcripting 
termination). This chapter analyzes the process of transcription initiation and 
the DNA signals that stimulate this event. 

To a first approximation, promoters are DNA sequences that are recog- 
nized by RNA polymerase holoenzyme such that it catalyzes the transcription 
initiation process. It is believed that the rate of transcription initiation is, in 
the simplest cases, dictated by the nature of the DNA sequence composing the 
promoter. This chapter first describes how promoters can be defined and then 
discusses the mechanism of transcription initiation and how promoter struc- 
ture relates to this mechanism. However, we shall also discuss several impor- 
tant complications of this definition. An appreciation of these complications 
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is important-for a critical understanding of the process of transcription initia- 
tion. For example: 

1 The frequency of transcription Initiation at many promoters Is regulated 
' by the Interaction of other proteins with defined target sequences. In 

some cases the regulation Is negative (as in repressor-operator mteractions), 
while in others it is positive (In which case the bound regulatory protem 
enhances the transcription initiation rate inherent in the Interaction of 
RNA polymerase with the particular promoter). Other types of regulatory 
controls also exist. . . 

2 Some DNA sequences that appear to act as promoters m vitro apparently 
do not act so in vivo, thus complicating attempts to defme tn vitro 
promoters. The name tight binding sites has been used to describe some 
of these sites. In at least one case such a sequence overlaps a functional 
promoter, and this sequence may have an Important regulatory role. 



1.1 DEnNING PROMOTERS 

Promoters have been defined by diverse types of evidence. This diversity has 
been due in part to the different approaches that have been used, which in 
turn has been due to (1) the properties of different systems that make them 
more or less amenable to different tactics, (2) the technlca predilections of 
the laboratories studying given systems, and (3) historical accidents. The 
conclusion we draw from the following analysis of some of these approaches is 
that a final definition of a promoter requires a combination of in vivo and in 
vitro experiments. 



1.1.1 Genetic Analysis 

A primary method for defining promoters has been the isolation and charac- 
terization of mutations that alter promoter function. A classical approach to 
this method was pursued by Beckwith and his colleagues in the analysis of the 
lac promoter (Scaife and Beckwith 1967; Sllverstone et al. 1970; Beckwith 
et al 1972- Ardlttl et al. 1973; Hopkins 1974; Beckwith 1981). Mutations were 
isolated that altered (either decreased or increased) the levels of expression 
for all three lac genes. The detailed properties of these mutations also pro- 
vided criteria for defining promoter mutations. The levels of expression were 
coordinately altered. The mutations were c/>domlnant. The mutations were 
not suppressed by either nonsense suppressors or the polarity suppressor SuA 
(a p mutation). The mutations mapped at the start of the operon. Figure 1-1 
shows the nucleotide sequence changes found for various lac promoter muta- 
tions One can see that they are clustered within a 50 bp sequence. As is 
described later, these mutations define characteristics of the promoter se- 
quence that also fit with other types of analyses such as the compiling and 
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comparing of all known promoter sequences (see Figure 1-3) and the results of 
chemical and enzymatic probe experiments. 

The lac system was particularly amenable to this type of analysis because 
it was technically easy to select and/or screen for mutations, which resulted 
either in an increase or a decrease in lac expression. This advantage can be 
generalized to any E. coli transcription unit and even to systems in other 
organisms, thanks to the development of procedures that allow the generation 
of fusions of the system of choice to the lacZ gene. 

Although the lac studies were very profitable in facilitating the genetic 
analysis of promoter structure, they also exemplified one of the most impor- 
tant complications of this type of analysis. Mutations that alter the DNA target 
site for a positive regulatory protein (in this case, the CAP-cAMP complex) 
resemble promoter (RNA polymerase target site) mutations in all of the listed 
criteria (Beckwith et al. 1972; Hopkins 1974). One method for distinguishing 
mutations that decrease RNA polymerase recognition of the promoter from 
mutations that decrease positive activator-DNA interaction has been outlined 
by Beckwith (1981). It involves an examination of the mutants residual lac 
expression level for its sensitivity to the presence or absence of the positive 
activator. Another approach involves the use of specific in vitro assays for 
* alterations in RNA-polymerase-DNA and positive activator-DNA interaction. 
Finally, the location of the sequenced mutation often provides some insight 
into the step involved. However, all these approaches make simplifying as- 
sumptions about the organization of these recognition sites (i.e., are they 
distinct or do they overlap?) and the mechanism of positive regulator action 
(see Section 1.5.2). 



1 ,1 .2 Promoter Cloning Vehicles 

The advent of recombinant DNA technology, coupled with the development 
of operon fusion techniques, has led to the construction of promoter cloning 
vehicles. These vehicles have provided new in vivo approaches for the identifi- 
cation of DNA sequences containing promoters. They are designed to have 
unique cloning sites located upstream from a gene encoding an easily assayable 
and/or selectable function, such as lacZ (/5-galactosidase), galK (galactokinase), 
cat (chloramphenicol acetyltransferase), or tetA (tetracycline resistance) (An 
and Friesen 1979; West et al. 1979; Casadaban and Cohen 1980; McKenney 
et al. 1982; Mandecki and Reznikoff 1982; Bertrand et al. 1984; Wertman et al. 
1984; Munson et al. 1984). In the parent vector this gene has a null expression 
phenotype since no promoter exists to program its messenger synthesis. 

An example of such a vector and its use is shown in Figure 1-2. The 
procedure involves the cloning of previously mapped fragments, or shotgun 
cloning of fragments, to be subsequently mapped into the vehicle's cloning 
site(s). Fragments that contain a promoter and that are situated in the correct 
orientation turn on the expression of the indicator gene. These vehicles are 
useful for identifying which of a set of restriction fragments contains a 
promoter, determining the orientation of a promoter within a given fragment. 
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FIGURE 1-2 A typical promoter cloning vehicle. The plasmid pRZ5202 was con- 
structed by Munson (1983) from pBR322 into which was cloned the trp-lac fusion 
W2(X) (Yu et al. 1984) such that lacZ is not expressed unless a promoter-containing 
fragment is cloned in the correct (clockwise) orientation into the EcoRl (Rl), Smal, 
Bamm (BI), Sail (SI), or HincRW (HIII) sites. 

and obtaining a qualitative estimate of a given promoter's level of activity. 
Quantitative measurements of activity require the control of several additional 
variables, such as copy number variations of the vector, mRNA stability 
differences due to the different mRNA 5' ends, and differences in translation 
initiation frequencies due to varying mRNA secondary structures (see Chap- 
ters 4, 5, and 7). 

Promoter cloning vehicles are particularly useful in their facilitation of 
detailed genetic analyses of promoters (and other genetic regulatory signals). 
They are directly amenable to the generation of deletions that define one or 
the other boundary of a promoter. One merely uses a restriction site on one 
side of the promoter to generate Bal2\ or SI nested deletions (Yu and 
Reznikoff 1984). They also facilitate the isolation and sequence analysis of 
point mutations. These mutations can be generated either by random muta- 
genic treatments or by means of synthetic oligonucleotide-directed mutagene- 
sis. For instance, LeClerk and Istock (1982), Kunkel (1984), and Munson et al. 
(1984) have shown that the phage M13 variants mp2, mp8, and mRZ361 can 
be used to screen for mutations in the lac control elements merely by examin- 
ing plaque color on indicator plates; interesting candidates can be directly 
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sequenced using the known dideoxy-mp8 methodologies (some of the muta- 
tions shown in Figure 1-1 were isolated by this approach). Other mp8-like 
constructs have been developed that allow similar analyses of other control- 
ling elements (Wertman et al. 1984). 



1.1,3 Determining the 5' End of the mRNA 

The determination of the precise 5' end of the mRNA is a critical piece of 
information that allows the detailed structural analysis of promoters. It per- 
mits the alignment of the sequence information for different promoters, as 
well as the comparison of mutational changes and the results of chemical and 
enzymatic probe experiments. The typical approach for the in vitro determi- 
nation of the 5' mRNA end is to program a transcription reaction from a 
defined DNA fragment known to contain the promoter of interest and then to 
analyze the resulting products either by their size and orientation or in terms 
of their actual sequence. In some cases [such as lac (Reznikoff et al. 1982; 
McClure et al. 1982)] multiple transcripts are programmed from the fragment, 
and the experimenter emphasizes the major transcript from among those that 
have the correct orientation. This approach raises questions such as: Has the 
correct transcript been identified? Would changing the topology of the tem- 
plate to resemble more closely the in vivo situation change the types and 
amounts of products made? Does the presence of other transcripts signify 
other RNA polymerase binding sites, and if so, do they have a physiological 
role? Moreover, in a few cases {e.g., lacZ and lacl) in which the wild-type 
promoter is weak, mutant and not wild-type templates were initially used for 
determining the startsite (Maizels 1973; Steege 1977). Since, as we shall point 
out, mutations can generate new transcription startsites, these experiments 
could have misidentified the wild-type 5' end. 

These kinds of observations suggest that it is critical to determine the in vivo 
5' end of the message. The trp operon is an example of a simple single start 
point system in which the in vivo and in vitro determinations are in agreement 
(Squires et al. 1976). More complex systems in which in vitro and in vivo 
results are the same include gal (two differently controlled starts in the same 
orientation) and the TnlO tet region (multiple and divergent starts (Aiba et al. 
1981; Bertrand et al. 1983; Hillen and Schollmeir 1983). Other examples are 
also known [see Hawley and McClure (1983a) for some examples). 

The /ac system is not as straightforward. In vivo, the CAP-cAMP stimu- 
lated wild-type promoter programs a transcript that is the same as that found 
in vitro (Munson 1983; Peterson and Reznikoff 1984a; Cannistraro and Kennell 
1985). However, the wild- type promoter also programs other transcripts in 
vitro that are not evident in vivo (Reznikoff et al. 1982; McClure et al. 1982; 
Peterson and Reznikoff 1984a). Finally, the transcript programmed by one 
mutant, which elevates /ac expression, P'115, starts approximately 13 bp 
downstream from the normal startsite (Maquat and Reznikoff 1980; Peterson 
and Reznikoff 1984b). Thus, it was fortuitous that the original in vitro tran- 
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scription studies (Maizels 1973; Majors 1975) utilized a mutant template that 
activates transcription from the wild-type startsite rather than from an alter- 
nate site. 

In spite of the cautions raised by experiences gained in studying the lac 
promoter, in most systems studied there is a general concurrence of the in 
vitro with the in vivo startsite determinations. This finding suggests that many 
aspects of promoter function and promoter recognition occur with rather high 
fidelity in the in vitro reactions and that cautious extrapolation of both the 
catalytic and the regulatory properties of RNA polymerase deduced in vitro 
may have a significant application to achieving an understanding of the in vivo 
control of transcription initiation. Such an analysis is presented subsequently 
in this chapter. 



1 .1 .4 Binding Experiments 

I Transcription initiation occurs through a series of steps that include the 

binding of RNA polymerase, the isomerization of the bound complex to form 

J a stable open complex, and the initiation of transcription (described in more 

detail in Section 1.3). A variety of protocols, which are called binding experi- 
ments, have been used to define promoterlike elements in DNA. These proce- 
dures usually rely on the ability of a particular DNA fragment to form a stable 
open complex with RNA polymerase. The complexes form only at close to 
physiological temperatures (the minimum temperature differs for different 
promoters, but normally exceeds 15°C) and moderate salt concentrations 

j (<0,3 M Na^). The complexes are relatively stable and are resistant to the 

inactivation of RNA polymerase by polyanions like heparin. The ability to 
form such complexes has been measured primarily by nitrocellulose filter- 
binding experiments, although electron microscopy has also been used. 

The formation of RNA-polymerase-DNA open complexes is usually taken 
as evidence that a particular DNA sequence contains a promoter and that the 
rate of forming this complex is related to the strength of the promoter. 
Although both seem to be reasonable assumptions, the former is an oversim- 
plification that is probably not true in many cases, and the latter is still being 
tested. Caution is also indicated by the fact that some bona fide promoters do 
not result in high filter-binding efficiency in these assays. 

Two classes of sequences bind to RNA polymerase to form open complexes 
that, however, do not appear to be promoters. The first class has been called 
tight binding sites (Kadesch et al. 1980; Melancon et al. 1982). These binding 
sequences lie at apparently random locations. They are unrelated to known 
promoter locations (as judged by genetic and physiological criteria). The open 
complexes formed at some of these sites are surprisingly capable of initiating 
RNA synthesis. This type of observation suggests that many sequences other 
than bona fide promoters may be recognized by RNA polymerase in vitro as if 
they were promoters and raises the question as to what, if anything, discrimi- 
nates against these spurious sites in vivo. 
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The second class is best represented by the P2 sequence in the lac 
controHing elements (see Figures 1-1 and 1-7) (Peterson and Reznikoff 1984b: 
Malan and McCIure 1984; Spassky et al. 1984). RNA polymerase will form 
open complexes in the absence of CAP-cAMP, with DNA containing the lac 
controlling elements, but the relevant sequence is not the lac promoter. 
Rather, it is a sequence that is displaced 22 bp upstream from, and thus 
overlaps with, the lac promoter. This is, in fact, the sequence that programs 
one of the additional transcripts in vitro, although there is no evidence that 
this transcript is synthesized in vivo (if it is synthesized it must be so unstable 
that it is not detectable by SI mapping experiments and cannot program gene 
expression when incorporated into promoter cloning vehicles). To gain a 
perspective as to how this type of site can confound an analysis of a promoter, 
one merely needs to re-analyze the RNA-polymerase-/acP binding experi- 
ments reported by Reznikoff (1976). It is now clear that the reported perturba- 
tion of RNA-polymerase-Zac/' binding by lacP -35 region mutations was due 
to the fact that these modifications are in the - 10 region of P2 and not due to 
their position in /acP (Peterson and Reznikoff 1984b). 

The existence and properties of this binding site raise important ques- 
tions. First, the failure to detect P2 programmed transcription in vivo suggests 
that P2 lacks a sequence determinant that controls transcription initiation in 
vivo. It is critical to determine the basis for the difference between in vivo and 
in vitro transcription initiation reactions and to determine what the missing 
sequence signal is in P2. Second, the location of the P2 binding site (overlapping 
both the CAP site and the promoter) suggests that it may play a role in the 
activation of transcription initiation by the CAP-cAMP complex (see Section 
1.5.2) (McCIure et al. 1982; Reznikoff et al. 1982; Malan and McCIure 1984: 
Malan et al. 1984; Peterson and Reznikoff 1984b). 

1.2 STRUCTURE ANALYSIS 

The identification of a promoter site within a segment of DNA is the begin- 
ning of a process of successive refinements in elucidating its function both in 
vivo and in vitro. In this section we discuss those structural features of the 
promoter that are currently believed to be important to promoter function. 
First, the location of promoter mutations proves that DNA sequence is di- 
rectly related to the diversity of function. Second, the patterns of DNA 
protection that result from RNA polymerase binding at the promoter suggest a 
unity in this interaction. Finally, the alterations of DNA conformation and 
supercoiling can in some cases have a large and specific effect on promoter 
utilization. 



1 .2.1 Comparative Sequence Analysis 

The DNA sequences of \\2 E. coli promoters were compiled by Hawley and 
McCIure (1983a). A depiction of the consensus sequence for E. co// promoters 
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is shown in Figure 1-3. The most highly conserved bases in the two regions of 
the promoters are shown by the size of the individual letters. It is remarkable 
that the consensus sequence has changed only slightly with additional pro- 
moter sequences added to previous compilations (Rosenberg and Court 1979; 
Siebenlist et al. 1980). Several important conclusions derived from the current 
compilation can be stated in the form of rules for RNA polymerase recogni- 
tion of E. coli promoters. It is clear that the TTG in the -35 region and the 
TA— T in the - 10 region are the most highly conserved base pairs within the 
promoter. Other bases of varying significance in a statistical sense occur on 
either side or within these sequences. One rule that was deduced on the basis 
of this compilation is that the consensus sequence is best. The rule is supported 
by the location and identity of more than 100 promoter mutations. The 
sequences of promoter mutations show that base pair alterations that decrease 
homology to the consensus sequence are down-promoter mutations and that 
base pair alterations that increase homology to the consensus sequence are 
up-promoter mutations. The only exceptions to the rule are a handful of 
nonconsensus-to-nonconsensus base pair alterations that suggest the possibil- 
ity of a hierarchy of recognition at each position within the promoter. An- 
other rule that can be applied to all the sequenced E, coli promoters is that 
each known promoter shows a match of at least two out of three base pairs at 
the three most highly conserved sites within the - 10 region. The T residue at 
-1 has frequently been referred to as "invariant.'' That seems not to be the 
case. Indeed, the A residue at - 11 appears to be nearly as invariant as the 
-7 T There is considerably more diversity in sequence in the -35 region, 
and the less stringent rule that applies is that every known E. coli promoter 
has a match of at least one out of three to the highly conserved TTG sequence 
in that region. 

In addition to the homologies found in -35 and - 10, another feature of 
the promoter has been shown to be important in function — namely, the 
spacing between the -35 and - 10. The distance as conventionally expressed 
is ordinarily 17± 1 base pairs. Again, the evidence from mutations is that the 
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FIGURE 1-3 The consensus sequence for E. coli promoters. Each base on the top 
strand is displayed in height corresponding to its percent occurrence in the 112 
promoters compiled by Hawley and McCIure (1983). The baseline corresponds to a 
level two standard deviations {Poisson statistics) above that expected for random 
occurrence of bases at each position. 
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most frequently occurring spacing is the best. These studies have been 
performed in vivo and in vitro. As shown in Figure 1-3, there is another 
region of homology between coli promoters near the startsite of transcrip- 
tion. The three base pair weak homology surrounding the startsite of tran- 
scription has not been shown to be of any functional significance; that is, no 
mutations have been found in this region of any promoter that affect initiation 
frequency. Similarly, the distance between the - 10 and the startsite can vary 
with about the same flexibility in number of base pairs as that observed 
between the -35 and -10. One cannot argue on the basis of no genetic 
evidence that there is no functional significance. However, at this time we will 
not emphasize the homology in this region for the discussion of promoter 
function and structure that follows. 

We cannot deduce whether the -35 region is more or less important for 
function than the - 10 region, despite previous claims (Okamoto et al. 1977) 
that some promoters can function without a -35 region. It has been noted 
in the past that many promoters, which are subject to positive control in vivo, 
have relatively poor homology to the consensus sequence in the -35 region. 
Raibaud and Schwartz (1984) have argued that there may be very little ' 
homology indeed to the -35 region consensus sequence for the class of 
positively controlled promoters. This type of analysis forces one to consider 
the role of the rather poor homology to the consensus sequence and how that 
affects promoter function. We can imagine two reasons why functional pro- 
moters might have relatively poor homology to the consensus. First, the 
sequence of the promoter frequently overlaps with other control sites such as 
operators and activator binding sites. Second, as we argue later, the rather | 
poor homology to the consensus sequence is predicted to result in a weak 
promoter in vivo. The addition of a positive control element can convert the | 
weak promoter to a strong promoter, thereby providing some essential adapt- 
ability to changes in cellular conditions. 

We note briefly that the E. coli consensus promoter sequence is rather 
similar to the same sequences found in Salmonella, a close relative of E. coli, 
and even to B. subtilis promoters for the vegetative holoenzyme of that 
organism (Moran et al. 1982). A significant difference between the B. subtilis 
and E. coli promoters is that promoters from the gram positive organisms j 
frequently are used at relatively high rates in E. coli, whereas the converse is 
not found (Moran et al. 1982). I 



1 .2.2 Protection and Sequence 

The limits of protection afforded the promoter DNA segment by the binding 
of the E. coli holoenzyme cover a region of -65 base pairs. The pattern of 
protection from DNase I digestion is approximately the same for many pro- 
moters that have been investigated, although there may be some difference 
between strong promoters that form stable open complexes and weak promot- 
ers that form relatively less stable complexes. The chemical protection and 
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modification experiments have been reviewed by von Hippel et al. (1984). 
There are still not enough examples of this type of experiment to allow the 
unambiguous conclusion that RNA polymerase recognizes the various pro- 
moters with the same or with different base pair recognition patterns. A 
comparison was performed using an alteration of the chemical modification 
technique in which the TAG and lacVWS promoters were examined at various 
temperatures using dimethyl sulfate and exploiting its reactivity to single- 
stranded cytosine residues in DNA (Kirkegaard et al. 1983). In this case, the 
chemical modification was actually the result of exposing base pairs within 
the melted region in the promoter to the chemical reagent. Subsequent 
cleavage of the end-labeled promoter-containing DNA revealed the location 
of this melted site. When the experiment was performed at different tempera- 
tures, a sharp transition was observed that was centered at -22*^0 for the 
UV5 promoter and at - 18^C for the TAG promoter. 

A generalization from the protection experiments that have been performed 
on a limited number of promoters is that recognition occurs largely from one 
side of the helix, although the binding of RNA polymerase to the DNA in a 
fashion that would wrap around has not been excluded (Siebenlist et al. 1980). 
It is clear that an important favorable component in the overall binding is 
electrostatic (Shaner et al. 1983) and equally likely that specific hydrogen 
bonding to base pairs is involved (von Hippel et al. 1984). In that regard we 
note that the priorities in the consensus sequence noted earlier suggest a 
hierarchy both in position and for individual base pairs. For example, since 
only three of the six base pairs within each hexamer are very highly con- 
served, one could imagine that they are very important. At each position, the 
mutational evidence and some in vitro characterization (McClure et al. 1983) 
have shown that there are hierarchies of sequence preference at several 
positions. 



1 .2.3 DNA Conformation 

For as long as promoters have been studyied in vitro there have been explana- 
tions of promoter function involving action at a distance or long-range forces 
influencing gene expression. A composite model that covers all these sugges- 
tions is shown in Figure 1-4 in the form of a cartoon. The central idea here is 
that a change in structure or energetic level at one site can affect the outcome 
of events at a distant site. At issue in all these models (real and whimsical) is 
first, how far can the perturbation in DNA be propagated once it has occurred 
at a particular site, and second, what is the mechanism of that propagation 
and the results at the distant site? We can state, without fear of contradiction, 
that the DNA context in and around the promoter region that extends beyond 
the consensus sequences certainly has an effect on promoter function. A 
trivial example is that DNA is required both downstream and upstream simply 
to allow polymerase binding, even though specific sequences in these regions 
are not conserved. That is not surprising since promoters are ordinarily 
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Drawing by Levin; ® 1978 
The New Yorker Magazine, Inc. 

FIGURE 1-4 The cartoon shows the effect of action-at-distance on a scale correspond- 
ing to everyday experience. More reaHstic models corresponding to the molecular 
scale were recently discussed (Crothers and Fried 1983). 

embedded within a continuous DNA helix inside the cell. The more important 
point at issue here for proponents of the action-at-a-distance explanations is 
what kinds of changes can occur in DNA and can they actually be shown to 
affect function directly? The fact that the spacer between the -35 and - 10 
can affect function both in vivo and in vitro suggests that twisting of the DNA 
could be important. Twisting may relate, in turn, to the supercoiled state of 
the DNA, and indeed as outlined below, supercoiling has several effects on 
promoter function. Originally proposed by Stefano and Gralla (1982 a, b) on 
the basis of spacer mutations within the lacF^ promoter, the hypothesis that 
the spacer distance could be affected by twisting is a very appealing idea. In 
the same category, it has been shown from several lines of evidence that 
certain sequences of DNA can exhibit bends within the linear duplex (Kolb et 
al. 1983; Wu and Crothers 1984) or kinks such as the EcoRl binding site when 
complexed to that endonuclease (Frederick et al. 1984). Thus, the DNA 
molecule is, in fact, polymorphic; it can assume several different conforma- 
tions in addition to the canonical B form. 

Before getting carried away with possibilities raised by the diverse forms 
and structures that DNA can assume, a critical view of the matter dictates that 
we take into account the extent of the structural alterations and the rate and 
energies with which they occur. For most of the known perturbations, small 
changes such as twisting and bending are probably not significant either on a 
structural basis (±5^) or a time scale (nsec) that relates to promoter function. 
Ultimately, one would like to find direct in vitro and genetic evidence that a 
change in DNA structure results in a change in function. 

The only bona fide example of action-at-a-distance that has been demon- 
strated is the effect of supercoiling on promoter activity. We consider 
supercoiling an example of action-at-a-distance because DNA gyrase, the 
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enzyme in E. coli responsible for maintaining the negative superhelical torsion 
on the DNA double helix, can bind at many sites along the DNA and introduce 
negative supercoils into the double helix. Because of the covalently continu- 
ous structure of the DNA, the energy put into the double helix at the expense 
of ATP (adenosine triphosphate) hydrolysis can be transmitted at a distance to 
a promoter site where it may be utilized by the RNA polymerase to unwind the 

; DNA and initiate transcription. This example is rather clear for two reasons: 

First, transmission of superhelicity is dependent on the covalently closed 

I structure of the DNA that we know to exist in the cell, and second, there is 

convincing biochemical and genetic evidence that supercoiling matters both 
in vivo and in vitro (Gellert 1981). Most of the other proposals for action-at-a- 
distance fail on one or the other of these two tests for significance. 



1 .3 STEPS IN TRANSCRIPTION INITIATION 

The fundamental motivation for dissecting transcription initiation into sepa- 
rate steps is the observation that transcription initiation occurs at frequencies 
that range from about one every 5 to 10 sec for the strongest promoters in 
E. coli (i.e., rRNA genes) to frequencies of once per generation {lacl) and 
perhaps even less frequently (Hahn et al. 1977). Thus, if initiation frequency is 
characterized by a lower limit of once a generation and by an upper bound of 
once every few seconds, then the dynamic range of initiation frequency and, 
therefore, promoter function is at least 1,000-fold and perhaps iO,000-fold. 
The remarkable feature of this entire range of function is that, to a first 
approximation, only one enzyme in E. coli participates in these initiation 
frequencies. Thus, we can add to the list of reasons for variability within the 
£. coli promoter sequences the notion that initiation frequency is related 
directly to DNA sequence. It is likely that some maximum may be defined by 
the consensus sequence and that by decreasing homology to the consensus 
sequence a decrease in initiation would follow. Clearly, as with any process 
occurring in living cells, optimum function is not ordinarily equated to maxi- 
mal function. For the economy of the cell, it is of great advantage to maintain 
certain promoters initiating at low frequency and others at relatively high 
frequency. 



1 .3.1 Pathways to Open Complex Formation 

The dissection of RNA chain initiation began many years ago with the work of 
Zillig and co-workers (Walter et al. 1967) who proposed that there were two 
principal steps in initiation: (1) a binding of the enzyme followed by (2) the 
conversion of an inactive intermediate to a complex that was ready to initiate 
a chain quickly. This scheme was sharpened by the experiments and proposals 
of Chamberlin (1974) and has now gained wide acceptance as the standard 
working model for RNA polymerase interaction with the promoters (see von 
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Hippel et al. 1984; McClure 1985, for reviews). In schematic form, the model 
can be written as follows: 



NTPs 



R+ P 



RP. 



a 



RNA. 



(1.1) 



In this scheme the binding step is characterized by the apparent binding 
constant, Kq\ the conversion from the inactive intermediate {RP^^ closed 
complex) to the active intermediate [RP^, open complex) occurs with rate 
constant, k^. The binding of triphosphates and elongation from the promoter 
is assumed to be relatively rapid, although exceptions to this rule are discussed 
under RNA chain initiation (Section 1.3.2). In the early 1980s, various altera- 
tions of this basic scheme have been proposed that do not significantly alter 
the functional characteristics of this two-step scheme. First is the recognition 
that Kg, functionally or operationally described, is simply any group of steps 
involved in the initial binding of the RNA polymerase that results in complexes 
that are rapidly dissociable. These steps need not be the same for all promot- 
ers. The principal characteristic is that the rate of dissociation from this group 
of complexes is more rapid than k-^. k^ defines an important step in promoter 
function inasmuch as the reverse of open complex formation — namely, /c., is 
usually very slow and is probably not of any physiological significance (life- 
times of open complexes determined in vitro are typically on the order of an 
hour to several hours). What is remarkable is that the conversion from the 
inactive closed complex to the transcriptionally active open complex is a very 
slow step indeed. Rate constants measured in several laboratories span a range 
from 0.1 per sec to 0.001 per sec and even slower (see references in Figure 1-5 
legend). Surely the unwinding of DNA discussed earlier in the structural 
section is involved in this isomerization step. But if that step must occur with 
all promoters, wherein lies the basis for the variability and the magnitude of 
A:2? Second, why is the isomerization' step so slow compared to other 
conformational changes seen in other enzymes? 

A resolution of the first question has been suggested by work from several 
laboratories (Kadesch et al. 1982; Roe et al. 1984; Buc and McClure 1984). 
First, when the isomerization step is studied at different temperatures and at 
different ionic strengths, it is clear that the rate-limiting step on this pathway is 
in fact an isomerization but that immediately following that slow conversion 
from closed to another intermediate, a very rapid conversion occurs under 
normal physiological conditions. The following reaction scheme incorporates 
the additional intermediate that is proposed: 



/?+ P 



RPn 



RP: 



RPn 



(1.2) 



Indeed, the conversion from the second intermediate to RP^ can be observed 
only at very high salt or at temperatures in the range of 18 to 20°C. The 
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second question remains an enigma. It is not clear from the temperature and 
salt dependencies of what kind of step this could be in open complex 
formation. From its characteristics— namely, the relatively low temperature 
dependence and relatively low salt dependence— does not appear to be a 
major alteration in the DNA structure, although that notion cannot be dismissed 
entirely. The relative dearth of information about the isomerization step 
follows principally from the fact that RP^ is a transient intermediate; there- 
fore, it is not easily observable, even though the overall conversion from RP^ 
to the second intermediate is favorable. What is needed is a more detailed 
investigation of the putative closed complexes for several promoters to ask 
what portions of the DNA are contacted by RNA polymerase in that complex 
and what the nature of those interactions are. 

It is relatively easy to study the properties, both structural and functional, 
of the transcriptionally active open complex. After all, the overall equilibrium 
constants for open complex formation are in excess of 10'^ M '. Therefore, a 
combination of the enzyme and promoter under physiological conditions 
results nearly quantitatively in the formation of open complexes. This open 
complex has been investigated in some detail with the protection experiments 
and chemical modification experiments described previously. In addition, the 
open complex has been investigated with respect to the number of topologically 
unwound DNA base pairs. A report from Gamper and Hearst (1982) has 
shown that 17 base pairs are unwound in a topological sense. The extent of 
unwinding was qualified previously to emphasize the fact that the measure- 
ment was done by determining the linking number change in DNA due to 
RNA polymerase binding after exposure to a nicking-closing enzyme. A 
protection-type experiment performed by Siebenlist (1979) showed that about 
11 to 12 base pairs could react with dimethyl sulfate (DMS) and that the region 
exposed to the chemical reagent was in the vicinity of the startsite and 
extended to the - 10 region. His result is probably a lower estimate for the 
number of base pairs unstacked and melted. The important fact learned from 
that experiment is that the DNA melting is localized to a region near the 
startsite of transcription. The topological experiment provides an estimate of 
the total perturbation but says nothing about the localization of the structural 
perturbation in the promoter. 



1 .3.2 RNA Chain Initiation 

The conversion of RNA polymerase from an open complex into a transcribing 
core complex involves the release of a and the release of the favorable 
sequence-specific contacts formed in the open complex. The release of a was 
demonstrated originally by Burgess et al. (1969). It was found to occur after 
eight to nine nucleotides on the synthetic poly |d(AT)| template (Hansen and 
McClure 1980). The point of o release on an E. coli promoter has not been 
determined. It is not an easy measurement to make although the importance 
of establishing the fact and the location of o release remains an outstanding 
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and very important problem in promoter function. Although we do not know 
either of these facts, we can operationally end the initiation phase of RNA 
synthesis at the point(s) of a release. 

A feature of the RNA polymerase initiation process that may be linked to 
a release is the observation of abortive initiation at the promoter. Many 
promoters, even in the presence of all four triphosphates, will synthesize and 
release short oligonucleotides that have been properly initiated but not pro- 
ductively elongated into full-length RNA chains (Carpousis and Gralla 1980: 
Munson and Reznikoff 1981). Even if abortive cycling is a general property of 
RNA polymerases, it is still not clear why some promoters and not others 
stimulate a rather prodigious amount of the cycling reaction on the pathway to 
productive chain elongation. For example, the lacUVS and a promoter from 
Tn5 both initiate abortively with very high frequency in vitro, with perhaps 10 
to 20 oligonucleotides produced for each full-length chain (Munson and 
Reznikoff 1981). The consequence of the abortive cycling could be a slow step 
in overall chain elongation that is independent of the time required to form 
open complexes as dictated by the combination of /C^ and The addition of 
the time required to synthesize abortively many oligonucleotides would thus 
contribute to the overall time required to make a full-length RNA chain. A 
possible explanation of the abortive initiation reaction from a mechanistic 
standpoint is that those promoters, which display the cycling reactions, may 
be those that release the polymerase with some difficulty during translocation 
out of the promoter. 

One could imagine two nonexclusive models for the promoter exit proc- 
ess. The enzyme may bind specifically to the - 10 and -35 regions and thread 
the downstream DNA double helix through the active site while it is transcrib- 
ing oligonucleotides in the range of 3-6-8. When a stable complex is formed, 
the specific contacts are released all at once. Alternatively, one could imagine 
that the DNA is rigid, that the RNA polymerase is flexible, and that the 
enzyme slides back and forth from the start point to the site(s) at which 
abortive products are released. In all cases that have been studied, the 
abortive cycling occurs without the release of RNA polymerase from the 
promoter, as judged by the resistance of such reactions to competing reagents 
such as heparin. A question that is still unresolved is whether or not the 
abortive cycling plays any physiological role. This query goes back to the point 
raised earlier about the time required for the abortive cycling and its contribu- 
tion to overall RNA synthesis frequencies. There seems to be little chance of a 
direct experimental test of the extent of abortive cycling in vivo inasmuch as 
the small oligonucleotides formed in vivo would be rapidly degraded by 
cellular ribonucleases. We suggest instead that some indirect method could be 
devised in which a correlation between in vivo and in vitro properties might 
be improved as a result of incorporating into the model for RNA synthesis the 
time required for the abortive cycling. This would be a particularly attractive 
possibility if there were mutations that affected the frequency of abortive 
cycling for a particular promoter. One candidate is a mutant derivative of the 
P22 P^^ promoter (S.-M. Liao and W. R. McCIure, 1985, unpublished). 
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Finally, the abortive cycling feature of RNA polymerase initiation was 
exploited originally by McClure and co-workers and other laboratories in 
assays for promoter strength, which separate in vitro the contributions of 
and to overall initiation frequency (see references in legend to Figure 1-5). 
A summary of promoter strength data from several laboratories is shown in 
Figure 1-5 in the form of a selectivity map — that is, a compilation of several 
values for and k^ for promoters that have been characterized as strong as 
well as weak. It is clear that the spectrum of both Kq and k-^ ranges over 
roughly three orders of magnitude. The hypothesis that follows from this 
picture is that and k^ in combination can determine significantly the rates 
of RNA chain initiation. In the selectivity map representation (Hawley et al. 
1982), the strongest promoters occupy the region in the upper right-hand 
corner where they are characterized by high values of and high values of 
k^; that is, those promoters have a very high affinity for RNA polymerase, and 
the inactive intermediate is converted rapidly into the transcriptionally active 
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FIGURE 1-5 A selectivity map for several E. coli promoters. Each promoter was 
placed on the selectivity map according to the reported values for K^^ and A'^, which 
were determined in vitro. The ordinate (A^, values) and the abscissa {K^^ values) are 
both scaled logarithmically to accommodate the range of values. References for the 
promoter strength measurements are: TAC (Mulligan et al. 1985); APp (Hawley and 
McClure 1980); lac (Malan el al. 1984); RNA I (Wood and Lebowiiz 1984); APj^,^ 
I Hawley and McClure 1982; Shih and Gussin 1983a): APj^^ (Shih and Gussin 1984; Shih 
and Gussin 1983b): T7 A3 and T7E (Prosen and Cech 1985); tet (Bertrand-Burggraf 
et al. 1984): p'^' and p^^"^ (Simons et al. 1983). References to earlier work and compari- 
sons between wild-type and mutant promoters are also cited in these publications. 
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complex. At the opposite end of the spectrum, the weak promoters have 
rather low affinities for RNA polymerase and are only slowly converted mto 
the transcriptionally active open complex. At least numerically, this compila- 
tion of promoter strengths can be seen to be in agreement with the range of 
initiation frequencies discussed at the beginning of the section; namely, the 
times on the order of 10 sec or less for the strongest promoters and an hour or 
more for the weakest promoters are going to be characteristic of the frequency 
of RNA chain initiation from those promoters. An issue still to be resolved is 
the relative contribution of the concentration and/or activity of RNA 
polymerase within the cell, and that is a topic with which we deal in more 
detail in Section 1.4. 



1.4 STRUCTURE-FUNCTION CORRELATION 

In this section we treat three related topics separately and indicate at the end 
the interrelationship of all three. Basically, we relate the structure of the 
promoter discussed in Section 1.3 to the functional steps that have also been 
described. Then we consider the relevance of the in vitro investigation of 
promoter strength to in vivo gene expression, and finally we consider more 
complicated cases of promoter function in which closely spaced promoters 
can have an effect on one another and, therefore, on gene expression. 

1.4.1 The Bipartite Model 

One of the first suggestions for promoter structure-function followed the 
proposal that the promoter had a bipartite structure -that is, a -35 and a 
- 10 region. Quite logically, then, Gilbert (1976) suggested that the - 10 
region was involved in the melting-in of the RNA polymerase near the startsite 
and that the -35 region participated in the recognition of RNA polymerase 
for the promoter. The bipartite model ran into some modest difficulty with 
some of the early measurements of the effect of mutations on promoter 
function. In particular, Hawley and McClure (1980) showed that a -35 region 
mutation (in the AP^ x3 mutant) had an effect on both Kg and k,. At about the 
same time, Stefano and Gralla (1982b) were characterizing -35 region muta- 
tions in the lac promoters and found that they affected only k^. Hawley and 
McCiure (1982) also showed that an up-promoter mutation in the AP^^, 
promoter increased both and k,. At that time, two hypotheses were 
proposed to deal with the experimental findings. Hawley and McClure chose 
to preserve the bipartite model and indicated how a single base pair change in 
the -35 region could affect only one step in open complex formation al- 
though it appears to affect both Kg and k,. The other idea, proposed by 
Stefano and Gralla, states that there is simultaneous recognition at the - 10, 
the -35, and the spacer element of the promoter when RNA polymerase was 
forming the closed complex. The two ideas are really only extremes of a more 
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general model that says it is likely that a preferred pathway exists for a given 
promoter but that multiple pathways are possible. This is also true for transla- 
tion initiation (see Chapter 7). Unfortunately, evidence that could distinguish 
between the two extremes or even the intermediate view has not been obtained. 

A further mechanistic complexity that should be appreciated is the fact 
that as indicated, /C^ corresponds to a group of equilibrium constants that is 
rapid with respect to the conversion of the closed complex to the open 
complex. It is certainly not necessary, that the same group of complexes be 
included in the rapid equilibrium phase of the reaction for each promoter, 
even if the overall pathway to open complex formation is identical for all 
promoters (by no means established). Additional challenges to the bipartite 
model have also been obtained in a study of the P^^^ promoter of bacterio- 
phage P22 (McClure et al. 1983; and unpublished). For that promoter there 
are at least two mutations in the -35 region that affect only /Cj, and conversely, 
there is one mutation in the - 10 region that affects only K^, These data must 
be classed as successful challenges to the simplest version of the bipartite 
model, although the complexities discussed earlier are apropos in the discus- 
sion of these results as well, particularly in the absence of any structural 
information on the putative intermediates involved in this reaction. 



1.4.2 Promoter Strength Prediction 

A rather attractive direction with respect to the relationship of DNA sequence 
and promoter strength is the possibility of predicting promoter strength using 
DNA sequence alone. A proposal by Mulligan et al. (1984) was designed 
precisely along those lines, and in fact, they claim that with a particular 
algorithm for evaluating DNA sequence and converting it to a so-called 
homology score, in vitro promoter selectivity by RNA polymerase expressed 
as Kg X k^ correlated well with the DNA sequence-based homology score. 
The correlation was linear over four orders of magnitude, with a standard 
deviation of ±4 within the entire interval. The dilemma in such predictive 
schemes is where to get the score for each promoter of a given DNA sequence. 
Staden (1984) used essentially the same database [i.e., the 112 promoters 
compiled by Hawley and McClure ( 1983a) j to make the equivalent of a 
homology score, using rather different assumptions about the partitioning of 
the contribution of each base pair to the overall score. Unpublished work from 
Mulligan shows that the Staden algorithm gives essentially the same degree of 
correlation as the Mulligan algorithm. The assumption in both these treat- 
ments for promoter evaluation is that the contribution of individual base pairs 
to promoter function is additive (i.e., additivity of AGs) and that the immedi- 
ate or even long-range context of the DNA for each promoter does not 
principally affect the contribution of an individual base pair to promoter 
strength. This assumption is so far untested, largely because there are not 
enough measurements of the individual effects of base pairs on promoter 
strength and selectivity. 



20 £ Coli Promoters 



Moreover, the contribution of spacer length to promoter function may 
not be identical for all classes of promoters. It has been found, for example, 
that the spacer length (16, 17, and 18) for the semisynthetic TAG promoter 
(Mulligan et al. 1985) is less important than for the weaker lac P' promoters 
characterized by Stefano and Gralla (1982a). Thus, there seems to be room for 
many contributions to the area of predicting promoter strength. An interim 
goal along this line is the automated use of the evaluation algorithms for the 
prediction of promoter sites within DNA sequence files. The program de- 
scribed by Mulligan et al. (1984) has successfully predicted the location of 
three previously unknown promoters, and that is encouraging. The general 
applicability and success of these algorithms is expected to increase in the 
future, making it possible to locate promoters with some confidence in an 
objective way that will save biochemists some experimental time. 



1 .4.3 Correlation of in Vitro Pronnoter Strength to 
in Vivo Expression 

In the meantime, we can examine the evidence that the DNA sequence and in 
vitro characterization of promoters does correspond to in vivo function. The 
evidence comes from the following several lines of experimentation. First, 
down-promoter mutations known to reduce expression in vivo are without 
exception down in vitro with respect either to measured values of or or 
both. Likewise, the up-promoter mutations selected and characterized in vivo 
are always up in vitro. Second, activators enhance one or the other or both of 
the two steps in open complex formation (Hawley and McClure 1982; Malan 
et al. 1984; Shih and Gussin 1983b), and repressors have been shown to inhibit 
one or the other of the two steps in initiation (Hawley et al. 1985). Finally, the 
effect of supercoiling on promoters in vitro corresponds rather closely with 
the effect of supercoiling in vivo, as noted in Section 1.2. The effects of 
supercoiling in vivo are currently under active investigation in several labora- 
tories, and the results show that supercoiling, although contributing energeti- 
cally in a favorable sense to open complex formation, has been found to 
increase and also to decrease the expression of certain promoters (Gellert 
1981). The results obtained in vivo, while intriguing, are subject to certain 
caveats; in particular, even if an effect of supercoiling can be shown to be 
immediate and specific to a particular promoter using drugs that interfere 
with gyrase activity or gyrase temperature-sensitive mutants, it is still possible 
that the overall effect on expression could be an indirect effect resulting from 
the binding or release of a control protein near the promoter. The alternate 
possibility that supercoiling has a direct effect on initiation frequency can 
only be tested in vitro using purified systems. For example, Malan et al. (1984) 
have shown that supercoiling is required in vitro to see high promoter strength 
at the lac promoter in agreement with the earlier findings of Sanzey (1979), 
who performed her experiments in vivo. An example in which supercoiling 
plays a regulatory role is discussed later. 
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A correlation between in vitro measurements of Kg and and their 
relation to in vivo expression was suggested by McCIure (1983) based on 
in vivo data obtained with the lac promoter and lac promoter mutations, as 
well as lacZ fusions to various A promoters. The range of promoter strength 
represented in that study was only about one hundredfold; the agreement 
between in vitro and in vivo was relatively good. An interesting hypothesis 
originated with that study because the correlation required the setting of an 
RNA polymerase active concentration in vivo. The best agreement was ob- 
served for a concentration of active polymerase in vivo of 30 nM if that 
corresponds to the in vitro conditions under which the and k^ measure- 
ments were made. The suggestion that the RNA polymerase activity or con- 
centration in vivo is in the range of 30 nM is untested and remains speculative. 



1 ,4.4 Contributions from Promoter Geometries 

Finally, in this section we consider how closely spaced E. coli promoters can 
interact in three different geometries. Rather well-known are the tandem 
promoters such as the /r/i, gal, and T7 early promoters wherein the same 
message is transcribed from tandem promoters that can in principle respond 
to different conditions or levels of cellular constituents to regulate the abso- 
lute level of the mRNA transcript. A second category is the divergent class 
where transcription occurs from closely spaced promoters in opposite direc- 
tions for transcribing different messages. This results in a situation for control 
in which a common control molecule or ancillary protein can bind to a region 
between the start points of transcription and, for example, simultaneously 
repress one promoter while activating another. Many examples of this diver- 
gent geometry and control property are known (e.g., the P^^ -P^ complex of 
the lamdoid phages). 

A third class is more complicated and, in part, for that reason more 
interesting. The convergent class where two promoters oppose one another 
over a common region of DNA is transcribed in both directions. In all cases, 
only one strand actually contains the sense message; the other strand is a 
template for an antisense RNA that could in principle control expression of 
the message. In some cases, transcriptional interference between the two 
polymerases has been established by in vivo experiments (Ward and Murray 
1979: Schmeissner et al. 1980). In other cases, the two promoters can be very 
close to one another and, as a consequence, interfere because of the mutually 
exclusive binding to one or the other of the two promoters. The farther the 
two promoters are separated, the less interference will be observed. The 
distance dependence was first suggested by Ward and Murray (1979). who 
used constructions involving the trp promoter of E. coli in opposition to the P^ 
promoter of A reading the lacZ gene. 

The interactions between closely spaced promoters that have been exam- 
ined thus far have been characterized by interference due to mutually exclu- 
sive binding. It is also formally possible that closely spaced polymerase 
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molecules in any of the orientations discussed could result in enhancement of 
transcription initiation. Exactly that claim has been made by Travers et al. 
(1983) for transcription of the tRNA tyrosine gene in E, coli. Other documented 
cases have not been described. 

Finally, in the category of other roles for polymerase, the enzyme could, 
as viewed earlier, be imagined as a repressor by binding to a site that controls 
the function of other RNA polymerases at adjacent sites (a possible example 
of this situation is described later). These and other roles for RNA polymerase 
in complex geometries may suggest a regulatory role for the enzyme, in 
addition to the regulation already imposed on the initiation of RNA synthesis. 
It will not be surprising to find that an abundant DNA binding protein, such as 
RNA polymerase, can function as a trans regulator as well as an important 
enzyme in the cell. 



1 .5 REGULATION OF TRANSCRIPTION INITIATION 

One of the early critical physiological observations in the field of molecular 
biology was that the expression of many genes is regulated. In particular, 
many genes that encode catabolic functions are expressed only when the cells 
are presented with the relevant pathway's substrate, and many genes that 
encode anabolic functions are expressed at lower levels when the cells are 
presented with the relevant pathway's end product. The early studies at the 
Pasteur Institute on the E. coli lac and trp operons led to the conclusion that 
bacterial gene regulation is often negative in character (the active regulatory 
macromolecule turns off gene expression) (Jacob and Monod 1961: Cohen 
and Jacob 1959). 

Soon after the negative regulation model for gene expression control was 
proposed, studies on the ara operon by Englesberg and his colleagues (1965) 




FIGURE 1-6 The lac operon. The transcription of the lacZ. and A genes results 
from transcription initiation by RNA polymerase (RNAP) at lacP. This event is regu- 
lated in a positive fashion by the catabolite gene activator protein (CAP) when it is 
complexed with cAMP, and in a negative fashion by the lad gene product, the repres- 
sor. The repressor in turn is inactivated by the inducer (/). Translation (indicated by 
the wavy arrows) of each of the product proteins results from ribosome (rbs) binding to 
the mRNA translation initiation signal for each gene. Reproduced with permission 
from Reznikoff (1984). 
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suggested that positive control of gene expression might also occur. In fact, a 
large number of systems are under positive control. For example, the general- 
ized catabolite . repression system that controls the lac and several other 
catabolic operons is an example of positive control (Schwartz and Beckwith 
1970; Emmer et al. 1970). In addition, several genetic regulatory systems are 
now known to show dual control effected by the same protein, with the 
negative or positive character of the regulation being dependent on where the 
protein binds relative to the promoter (i.e., the Acl repressor vis-a-vis APj^^, 
the CAP protein vis-a-vis the gal P^^ and P^j) (Meyer et al. 1975; Musso et al. 
1977; Adhya and Miller 1979). Finally, other modes of gene regulation are 
apparently functioning in some systems, such as modifications in the structure 
of the enzyme, RNA polymerase (Grossman et al. 1984), modifications in the 
structure of the promoter (Kleckner et al. 1984; Yin and Reznikoff 1986), and 
changes in the orientation of the promoter (Zieg et al. 1977). 



1.5.1 Negative Regulation of Transcription Initiation 

The lac operon regulatory system is illustrated in Figure 1-6. It involves three 
components: the lac repressor, a tetrameric protein encoded by the lad gene; 
the lac operator (O) (Figure 1-1), the target DNA sequence to which the lac 
repressor binds, thereby preventing RNA polymerase from forming an open 
complex with lacP; and the inducer, y3-galactoside, compounds such as 
allolactose that, when bound to the repressor, cause an allosteric change in 
the repressor's configuration, which reduces its affinity for the operator 
(reviewed in Jacob and Monod 1961; Beckwith and Zipser 1970; and Miller 
and Reznikoff 1978). The general features of the lac operon are similar to most 
other systems, and thus, it is used as a model to discuss negative regulation. 
The galactose operon is discussed briefly since it presents an interesting 
variation. 

The repressor was defined initially by genetic analyses. Null mutations in 
the lad gene give rise to a constitutive phenotype. Some specific point 
mutations (designated f) make the operon uninducible (e.g., programming 
low levels of lac expression in the presence of the inducer). Missense muta- 
tions that specifically define the operator binding site are located in the N 
terminal portion of the coding sequence, while the /' mutations are located at 
a few defined internal locations that form the inducer binding site (Miller 
1978). Biochemical studies have further defined the repressor's properties 
(Beyreuther 1978; Weber and Geisler 1978; Barkley and Bourgeois 1978), and 
sequence comparisons have suggested to some authors that the lac repressor 
and some other known repressors have a common structural feature in their 
operator binding sites (Pabo and Sauer 1984). 

The operator is defined by cis-dominani constitutive mutations (designated 
O^) that are located within a symmetry element in the lac regulatory sequence 
(see Figure 1-1). This sequence has been shown to participate directly in 
repressor binding (filter binding studies and protection experiments), and the 
mutations reduce this binding (Barkley and Bourgeois 1978). As with most 
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Other operators (an exception is described in the paragraph below), this 
symmetry element is located in a position relative to the promoter that would 
be consistent with a mutually exclusive binding mechanism; that is, when the 
repressor is bound, RNA polymerase cannot bind. Some in vitro experiments, 
such as that reported by Majors (1975), are consistent with such a model. 
Thus, the general mechanism for how most repressors act is probably 
determined. 

At least one system, the gal operon, may function quite differently. The 
critical factor is that the gal operator has a unique structure for two reasons: 

1. The gal operator has two components: one on the regulatory element 
region and one downstream in the first structural gene (Irani et al. 1983). 
O"" mutations have been isolated in both sites, suggesting that gal repressor 
subunits must bind (simultaneously?) at both sites to achieve complete 
repression. [There is a hint of this type of arrangement in lac since a 
secondary lac repressor binding site is located in the first structural gene, 
but for lac this binding site may not be critical for the repression process 
(Reznikoff et al. 1974; Gilbert et al. 1975). | 

2. The gal operator component in the controlling elements is located outside 
the presumed promoter sequence; at positions -67 to -53 (for P^^j) and 
-62 to -48 (for P^^O (Adhya and Miller 1979; DiLauroet al. 1979). Thus, 
its location does not lend itself to a simple repressor-operator/RNA poly- 
merase promoter competitive binding model. The mechanism of the gal 
repressor action is unknown but may involve some sort of action-at-a-distance 
as discussed before. 

It would be convenient in the construction of regulated expression vehi- 
cles if repressors could act efficiently by blocking transcription elongation. 
This would allow one to choose a strong promoter and merely place the 
operator at any convenient location downstream. Unfortunately, experiments 
designed to test the efficacy of this type of regulation have shown that 
repressors are significantly less efficient at blocking elongation than they are 
at blocking initiation. For instance, the lac repressor could only regulate 
readthrough transcription three- to tenfold in trp-iac fusions when acting at 
the operator, and it was totally ineffective at blocking readthrough transcrip- 
tion when acting at the secondary repressor binding site (Reznikoff et al. 
1969). The trp repressor was found to be totally ineffective at blocking 
readthrough transcription in \?^-trp fusion constructs (Franklin 1971). 



1.5.2 Positive Regulation of Transcription Initiation 

The critical genetic criteria in defining a positive control system are (1) the 
isolation of mutations that fail to express the system in question because they 
fail to synthesize the positive regulatory protein (defined by criteria such as 
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genetic mapping experiments, complementation studies, the existence of 
nonsense mutations, and the sequence alterations) and (2) the isolation of 
mutations that alter a c/Vacting target site for the activator protein (see Figure 
1-6 for a description of the positive regulatory elements that affect lac 
expression). The identification of the target site in particular has some inter- 
esting complications, which are discussed later. 

As discussed before, it is critical, although difficult, to distinguish 
the target site for a positive activator protein from the sequence recognized by 
RNA polymerase. Superficially, they both have a similar role: determining 
the maximal level of transcription initiation. The qualitative genetic/physio- 
logical criterion for making this distinction has been developed by Beckwith 
and his colleagues (Beckwith et al. 1972; Hopkins 1974; Beckwith 1981). 

Lac promoter (RNA polymerase binding site) mutations should still be 
responsive to the presence or absence of the positive activator protein (the 
CAP-cAMP complex), while Lac mutations in the CAP-cAMP binding site 
should have dramatically reduced sensitivity to the CAP-cAMP complex and 
should have the same level of expression in the absence of CAP-cAMP as the 
wild-type sequence. This is a powerful approach, but it has several limitations. 
In some cases |such as gal (Taniguchi et al. 1979)1, the binding site for the 
positive activator may overlap with the RNA polymerase binding site, in which 
case a sequence change in one binding sequence is likely to perturb the other 
sequence. In addition, some mutations that are in the lac RNA polymerase 
binding site, although qualitatively responsive to the CAP-cAMP complex, do 
not manifest the correct quantitative response (Hopkins 1974), perhaps 
reflecting the mechanism(s) of CAP-cAMP-mediated stimulation of /ac tran- 
scription. The direct test for the sequence location of the two binding sites is 
biochemical (although here, too, there are complications). For example, one 
could perform protection experiments to determine where the relevant pro- 
tein is bound on the DNA or perform binding studies comparing mutant and 
wild-type sequences. Some mutations fulfill both the genetic/physiological 
and biochemical criteria for defining the lac CAP site, but as described in the 
next paragraph, mutations also exist that fulfill the genetic/physiological 
criteria but that are located outside the lac CAP binding site sequence, as 
determined by protection experiments (Figure 1-7). 

The unusual mutations mentioned here are deletions or insertions that 
alter the spacing between the lac CAP-cAMP binding site and the lac pro- 
moter (Caruthers et al. 1982; LeClerk and Istock 1982; Yu and Reznikoff 1984; 
Mandecki and Caruthers 1984). Some of these are shown in Figure 1-7. Their 
effect on CAP-cAMP stimulation of lac expression must indicate that this 
region (either the specific sequence or the spacing) is critical to the 
mechanism(s) of this process. This finding presents a paradox since the 
CAP-cAMP binding site is located at different positions in different systems 
(Queen and Rosenberg 1981; McKay and Steitz 1981; O'Neill et al. 1981; 
deCrombrugghe et al. 1984), 
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Unlike negative regulatory systems, it is not intuitively obvious how posi- 
tive regulation can be effected. Three possible mechanisms have been proposed: 

1. The positive activator may stimulate transcription initiation by interacting 
directly with RNA polymerase and somehow enhancing its interaction 
with the promoter (Gilbert 1976). Genetic evidence and model-building 
studies suggest that this is the mechanism by which the Acl protein 
activates RNA polymerase interaction with APj^,^. Mutations in the Acl 
gene that result in a failure of the Acl protein to activate AP^^ but that 
have no apparent effect on the binding of the protein to its DNA target site 
have been described (Guarente et al. 1982; Hochschild et al. 1983; Hawley 
and McClure 1983b). This model would explain the precise spacing re- 
quirements of the lac system. 

2. The positive activator acts by perturbing the configuration of the DNA at 
the promoter (Dickson et al. 1975). This model is compatible with the fact 
that CAP binding sites are located at different positions vis-a-vis promoter 
regions in different systems and may be related to the CAP-cAMP-induced 
DNA bending of the lac control elements in vitro (Kolb et al. 1983; Wu 
and Crothers 1984). It does not appear to be compatible with the proper- 
ties of the CAP site promoter spacer mutations in lac unless the sequence 
altered by these mutations plays some role in generating or transmitting 
the DNA conformational change induced by CAP-cAMP binding. 

3. The positive activator acts as a repressor. In this case, the activation 
would be of an indirect nature. The activator could repress nonproductive 
binding of RNA polymerase at a site that, because it overlaps with the 
promoter, competes with productive binding of RNA polymerase at the 
promoter (McClure et al. 1982; Peterson and Reznikoff 1984a; Malan and 
McClure 1984; Malan et al. 1984). The lac P2 site may be such a site. This 
is a more extreme example of how closely spaced E. coll promoters can 
interact (see discussion in Section 1.4.4). The three proposed mechanisms 
are not mutually exclusive; thus, it would be possible that more than one 
could be acting in any given system. 



1 .5,3 DNA Supercoiling as a Regulatory Mechanism 

As mentioned, supercoiling has been found to affect the transcription initia- 
tion process for many promoters (Gellert 1981). In some cases, supercoiling 
increases and in some cases it decreases gene expression. Thus, it was not a 
complete surprise when Menzel and Gellert (1983) reported that the expres- 
sion of the very genes whose products are responsible for generating supercoils 
{g\^rA and gyrB) are regulated by the level of supercoiling. In vitro, relaxed 
templates were found to program more gyrB product synthesis, and in vivo, 
specific inhibitors of DNA gyrase were found to enhance gyrA and gyrB 
expression. 
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1 .5.4 Changing Transcription Initiation Specificity by Changing 
the RNA Polymerase Sigma Subunit 

RNA polymerase from K coli has the following subunit structure: ,a, and 
o p p\a, is the core enzyme that catalyzes mRNA elongation, but it lacks 
initiation'specificity. When the critical relationship between the a subunit and 
the transcription initiation process was realized, it was postulated that one 
possible mode of gene regulation involved the recognition of different classes 
of promoters by holoenzymes containing different types of asubunits (Burgess 
et al 1969). Although this mode of regulation was not known to exist in E. coli 
until recently, the developmental gene regulation that occurs during 5. siibtilis 
sporulation and subsequent to phage infection of B. subtilis has been known to 
be correlated with the substitution of different a subunits for that subunit that 
dominates the holoenzyme during logarithmic growth (Losick and Pero 1981). 
Recent experiments from Gross's laboratory indicate that in at least one case, 
such gene regulation through o subunit substitution occurs in E. coli as well. 
The positive regulator of the heat shock response in £. coli (the product of the 
htpR gene) is a new o subunit for RNA polymerase (Grossman et al. 1984); 
that is, mixing purified htpR product with core RNA polymerase generates an 
RNA polymerase that specifically initiates transcription at heat shock promot- 
ers We have no information as to whether additional growth conditions like 
anaerobiosis result in the utilization of other (different) o subunits, but the 
possibility that this type of transcriptional regulation exists for other E. coli 
systems should now be considered. 



1 .5.5 DNA Methylation: Another Mechanism for Altering the 
Frequency of Transcription Initiation 

Transcription initiation involves the precise recognition of the promoter DNA 
sequence; thus, it might not be surprising if modification of bases within this 
sequence were found to lead to an altered frequency of transcription initia- 
tion One common type of base modification is the formation of N -methyl 
adenine in the sequence CATC, which is catalyzed by the £. coli dam adenine 
methylase. Experiments have shown that the transposase mRNAs encoded by 
Tn5 (Yin and Reznikoff 1985), TnlO, and Tn903 (Kleckner et al. 1984) are 
synthesized more frequently when the template is fully unmethylated at dam 
sites than in the fully methylated state. An inspection of the relevant promoter 
sequences suggests an explanation for this observation. The Tn5 transposase 
promoter contains the sequence 

-10 +1 
GATC T GATC TTCCA, 

in which two dam sites overlap the -10 region. The TnlO transposase pro- 
moter sequence is 

-10 +1 



GATCAAATGGTTTCG. 
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It is.obvioilis that recognition of these - 10 regions could be affected by the 
dam methylation. If one assumes that the hemimethylated promoters are also 
more active at programming transcription initiation, then this type of control 
could be seen as a mechanism for stimulating transposase synthesis (and 
transposition) in response to replication of this region during passage of the 
replicating fork, repair synthesis, or subsequent to conjugal introduction of 
the sequence. 



1.6 CONCLUSION 

The transcription initiation process in E. coli has been amenable to detailed 
biochemical studies (largely due to its high fidelity in vitro) and genetic 
analyses. Although there are some interesting areas of uncertainty, these types 
of studies have allowed us to identify promoters with a high degree of confi- 
dence and to obtain an estimate of the activity level of any given promoter. 
This type of information was used in the design and construction of a totally 
synthetic promoter (Soberon et al. 1982). We also have information about the 
steps involved in the transcription initiation process, but we know very little 
about how these steps are related to the detailed structure(s) of the promoter. 
Some of the mechanisms that regulate the transcription initiation reaction 
have been described. The well-known mechanism of negative regulation via a 
repressor-operator interaction system is the best understood. It can be used 
effectively to construct regulated expression systems. The overall consequence 
of positive control systems is also understood, but the mechanisms have not 
been determined. Other interesting new regulatory schemes have been 
discovered. In conclusion, we know a great deal about the transcription 
initiation process, but there is a great deal left to learn. 
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Summary 

We have used retro vinjs-mediated gene transfer to dem- 
onstrate complementation of the cystic fibrosis (CF) 
defect in vitro, Amphotropic retroviruses were used to 
transduce a functional cystic fibrosis transmembrane 
conductance regulator (CFTR) cDNA into CFPAC-1, a 
pancreatic adenocarcinoma cell line derived from a 
patient with CF that stably expresses the chloride trans- 
port abnormalities characteristic of CF. CFPAC-1 cells 
were exposed to control virus (PLJ) and CFTR-express- 
ing virus (PLJ-CFTR); viral-transduced clones were 
isolated and subjected to molecular and physiologic 
analysis. RNA analysis detected a viral-derived CFTR 
transcript in all of the PLJ-CFTR clones that contained 
unrearranged proviral sequences. Agents that increase 
intracellular cAMP stimulated ^^Sj efflux in PLJ-CFTR 
clones but not PLJ clones. Whole-cell patch-clamp 
performed on three responding clones showed that 
the anion efflux responses were due to cAMP stimula- 
tion of CI conductance. Our findings indicate that ex- 
pression of the normal CFTR gene confers cAMP-de- 
pendent CI channel regulation on CF epithelial cells- 
Introduction 

Cystic fibrosis (CF) is an autosomal recessive disorder 
characterized by abnormalities in water and electrolyte 
transport that lead to pancreatic and pulmonary insuffi- 
ciency (Taussig, 1984). Recent progress in our under- 
standing of the genetic and functional basis of CF has 
provided a foundation for better defining its molecular 
pathology as v^efl as developing novel therapies based on 
somatic gene transfer 



Functional expression of the CF defect reduces the 
chloride ion permeability of epithelial tissues (Quinton. 
1990). The ability of epithelial cells in the airways, sweat 
glands^ pancreas, and other tissues to secrete CI in re- 
sponse to cAMP-mediated agonists is lost or severely re- 
duced. Activation of apical membrane Cf channels by 
cAMP-dependent protein kinase is impaired, but chan- 
nels with normal conductance properties can be activated 
by other means, including agonists whose effects are 
mediated by increased cell Ca (Frizzell. 1987; Welsh. 
1990). These findings have led to the suggestion that the 
CI channel per se is not defective in CF. but that the defect 
may lie in a regulatory protein that transduces the effects 
of protein kinase activation. Abnormalities in epithelial so- 
dium transport in CF cells (Boucher et aL, 1986) support 
the concept of a regulatory defect that can affect other cel- 
lular functions. 

Isolation of the gene for CF (Rommens et aL, 1989; Rior- 
dan et al., 1989; Kerem et aL, 1989) has provided further 
insight into the molecular basis of the disease. The gene 
responsible for CF was localized to 250.000 bp of genomic 
DNA based on its location within the genome. It encodes 
a protein of 1.480 amino acids called the cystic fibrosis 
transmembrane conductance regulator (CFTR) (Riordan 
et aL. 1989). The most compelling evidence thus far to 
support the role of CFTR in the etiology of CF has tjeen 
provided by genetic analyses (Kerem et aL. 1989). Se- 
quence analysis of the CFTR gene of CF chromosomes 
has revealed a variety of mutations (Cutting et aL. 1990; 
White et al.. 1990; Dean et aL, 1990; Kerem et al.. 1990). 
Extensive population studies have indicated that the most 
common CF mutation, a deletion of the 3 nucleotides that 
encode phenylalanine 508 (AFsoa), is present on 70% of 
all CF chromosomes, but never on normal chromosomes 
(Kerem et al., 1989; Cystic Fibrosis Genetic Analysis Con- 
sortium, 1990). 

The specific role that Cfn"R plays in CI transport re- 
mains unclear The CFTR protein contains several in- 
teresting functional domains including two nucleotide 
binding folds, a regulatory region that has many possible 
sites for phosphorylation, and two hydrophobic regions 
that probably interact with cell membranes. CFTR shows 
structural similarity with several members of the WP 
binding cassette" (ABC) superfamily of proteins, including 
the periplasmic binding proteins of prokaryotes and the 
P glycoprotein associated with multidrug resistance in 
higher eukaryotes (Riordan et a!., 1989; Hyde et aL, 1990). 

As the next step in understanding the role of CFTR in 
the dysregulation of CI channel activation in CF, we have 
achieved complementation of the CF defect in vitro by 
retrovirus-mediated transduction of a full-length Cf=TR 
cDNA. 

Results 

Recombinant Retroviruses 

Early attempts to reconstitute a full-length CFTR cONA 
from overlapping clones were uniformly unsuccessful. 
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Rgure 1. Analysis oi Proviral Sequences In Transduced CFPAC-1 Clones 

(A) Retroviral vector PU-CFTR. Important structural components of the vector include the LTR sequences, CFTR cONA, sequences from the origin 
of SV40, the gene that confere resistance to G418 (Neo), and the origin of replication for peR322 (pBR). Sites of transcriptional initiation are indicated 
%vfth arrows at the 5' UR and internal SV40 sequences. Recognition sites for restriction endonudeases Kpnl and Hindlll are indicated. Probes specific 
for the CFTR gene (exon 13) and the Neo gene that were used in ONA and RMA Wot analysis are indicated below the vector. 
<B) CFPAC-1 cells were infected with PU or PU-CFTR virus and selected in the presence of G418 in order to isolate individual clones. High molecular 
weight ONA was isolated from each done and analyzed by gel blot hybridization. In the top panel. ONA was digested with Kpnl and the filter was 
hybridized to a Neo-specific probe; in the bottom panel, ONA was digested with Hindlll and the filter was hybridized to the exon 13 CFTR-specific 
probe. The 43 kb band in a« lanes arises from the endogenous CFTR gene. Samples indude: lane CFPAC-1. CFP/^C-1 ONA (10 uQ): lane 1 Copy, 
CFPAC-1 ONA (10 ng) supplemented with 73 pg of PU-CFTR plasmid ONA; and lanes numbered 1-10. ONA (10 ixg) from PU<;FTR dones 1 through 
10. The viral band comigrates with the endogenous band in done 5; a unique integrant was cleariy demonstrated in this done when the filter was 
stripped and rehybridized with a Neo probe. Molecular size standards in kilobases are indicated at left. 



The exact cause of these difficulties retnains to be de- 
fined, but we have data to show that prokaryotic transcrip- 
tion from internal CFTR cDNA sequences may result in 
the expression of a protein that is toxic to bacteria. The in- 
troduction of three silent mutations (T to C at 930, A to G 
at 933, and T to C at 936) into a restriction fragment of 
CFTR that spans exon 6b completely ablated this toxic ef- 
fect, potentially by interfering with the cryptic prokaryotic 
promoter, and enabled the reconstruction of 4.6 kb of con- 
tiguous CFTR cONA sequence. The nucleotide sequence 
of this reconstructed cDNA was redetermined and found 
identical to that published previously (Riordan et al., 
1989), with the exception of the three silent mutations 
noted above. 

The modified CFTR cDNA was cloned into the previ- 
ously described retroviral vector PU (Korman et al,, 1987). 
The proviral component of this recombinant vector, called 
PU-CFTR, is depicted in Figure 1 A. Transcription from the 
5' long terminal repeat (LTR) produces an SJS kb genomic 
transcript that is responsible for viral passage and CFTR 
expression. Transcription from SV40 sequences located 
internal to the LTRs leads to the formation of a second 
transcriptional unit that expresses a Neo selectable 
marker. 

Transfection of PU and PU-CFTR vectors into the virus 
packaging cell line M'Crip led to the transient production 
of replication-defective virus. Limiting dilutions of virus 



stocks were used to infect CFPAC-1 cells, which were sub- 
sequently cultured in the presence of G418 in order to se- 
lect for transduced clones. Transiently produced PU- 
CFTR virus stocks had a lower titer (50 to 100-fold) than 
those produced with the PU vector. Ten individual clones 
of cells were isolated from infections performed with each 
type of virus (named PU clones 1 through 10 and PU- 
CFTR clones 1 through 10) and subjected to molecular 
and physiologic analyses. 

Transduced Clones Express Retroviral 
CFTR Sequences 

Retrovirally transduced clones of CFPAC-1 cells were ana- 
lyzed for proviral sequences as described for other cell 
types (Wilson et aL, 1988, 1990a, 1990b)- Digestion of high 
molecular weight ONA with a restriction enzyme, Kpnl, 
that has unique sites in the vector LTRs releases all in- 
tegrated forms of the PU-CFTR provirus as a common 85 
kb fragment. Gel blot hybridization of KpnI-restricted ONA 
revealed un rearranged proviral sequences with the ex- 
pected abundance of 1 copy per cell in 10/10 PU clones 
and 9/10 PU-CFTR clones (Figure IB, top panel). Hybrid- 
ization of the filter with a Neo-specific probe detected a 
markedly rearranged provirus in PU-CFTR clone 2; this 
virus apparently deleted a major part of the CFTR cDNA 
(data not shown). Get blot hybridization analysis was also 
used to study the complexity and uniqueness of each 
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Figure 2. RNA Blot Analysis of CFPAC-1 Clones 
Clones of retrovirus-transduced CFPAC-1 cells were isolated and ana- 
lyzed fof the presence of CFTR transcripts. Total cellular RNA was har- 
vested from ifKlividual clones and subjected to RNA blot analysis using 
the exon 13 CFTR probe to hytwidize with the filter (top panel). The filter 
was stripped and rehybridi^ed with a probe derived from human y-actin 
cONA (bottom panel) to control for variation in sample loading. RNA 
samples (10 jig) were derived from the following cells: lanes 7B4, dupli- 
cate samples from the colonic tumor cell line 7B4; lane CFPAC-1, non- 
transduced CFPAC-1 cells; lane PU 6, CFPAC-1 done 6 from the PU 
infection; and lanes numt>ered 1-10. CFPAC-1 dones 1 through 10 
from tfie PU-CFTR infedion. Molecular size mar<<ers in kilobases are 
rroted at left. 



putative PU-CFTR clone. High molecular weight ONA 
was digested with Hindlll, a restriction enzyme with two 
internal sites in PU-CFTR. and analyzed with the exon 13 
CFTR-specific probe (Figure 1B, bottom panel). This anal- 
ysis demonstrated the existence of a single, unique in- 
tegration site in 9/10 PU-CFTR clones; the CFTR-spedfic 
probe failed to detect the provirus in DNA from PU-CFTR 
clone 2 because of the apparent deletion described 
above. 

Expression of the retrovirally transduced CFTR gene 
was studied by RNA blot analysis using the CFTR exon 
13 probe (Figure 2). Total cellular RNA from the previously 
described human colon tumor cell line, T84, demonstrated 
high levels of the endogenous CFTR transcript. No CFTR 
transcript was detected by Northern analysis in mock- 
infected CFPAC-1 cells or PU clone 6. though CFTR RNA 
can be detected in CFPAC-1 by RNA-PCR. A viral-directed 
CFTR transcript of the expected size (i.e., 8.5 kb) was de- 
tected in 9/10 PU-CFTR clones; the CFTR probe failed to 
detect a transcript in RNA from the clone that contains the 
deleted provirus (PU-CFTR clone 2). 

Transduced Clones Show Forskolin Stimulation of 
Anion Transport 

Isotopic anion (^^^\) effluxes were measured to screen the 
PU and PU-CFTR clones for cAMP- and Ca-stimulated 
anion transport. The efflux assay provides a qualitative 
estimate of agonist-stimulated CI conductance pathways 
in Cl-secreting epithelia, as judged from the inhibitory ef- 
fects of O channel blockers and depolarizing membrane 
potentials on ^^si ^ffjyx (Venglarik el al., 1990). Figure 3A 
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Figure 3. Effed of Forskolin on ^^l Efflux in PU and PU-CFTR 
Ctones 

(A) Time course of the elflux rale constant in dones €. Forskolin (10 (iM) 
was added at the indicated time. The first 60 s of efflux allows (or 
washout of extracellular and is not shown (see Experimental 
Procedures). Values are means ± SEM of n = 9 determirxations for 
each done. 

(8) Ratio of forskolin-slimulated to basal ^1 efflux in PU and PU- 
CFTR clones 1-10. r values were taken t>€fore and after forskolin addi- 
tion. For PU-CFTR ctone 2, the same scaling applies t>elow 1.0. Values 
are means ± SEM of n = 9 determinations for all dories except PU 
5, where n = 7 



shows the time course of the ^^S] efflux rate constant (r) in 
two clones, PU 6 and PU-CFTR 6, with and without the 
addition of forskolin. an agent that stimulates adenylate 
cyclase. Following a basal efflux period in the absence of 
agonist, forskolin increased the ^^1 efflux rate from PU- 
CFTR clone 6 from 0.32 to 0.70 min-\ PU 6 did not re- 
spond, r values obtained before forskolin addition and 
during the peak of the forskolin response provided an esti- 
mate of the relative stimulation of efflux (i.e., r^^k/ 
^b3S3i)- *n the responding PU-CFTR clones, the peak for- 
skolin effect on anion efflux was observed during the first 
three flux periods following forskolin addition (15^5 s). 

Data derived from 20 clones are illustrated in Figure 3B. 
Seven of ten PU-CFTR dones showed significant increases 
in ^25| efflux in response to forskolin, wfiereas none (0/10) 
of the control PU clones responded to forskolin. The par- 
ent cell line, CFPAC-i, also shows no response to forskolin 
or cAMP analogs (Schoumacher et al., 1990). PU-CFTR 
clone 2 showed a major deletion in its CFTR cONA by gel 
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blot hybridization (Figure IB), accounting for the failure of 
forskolin to stimulate efflux. In the seven responding 
PLJ-Cf=TR dones. the relative stimulation of anion efflux 
by forskolin ranged from 1^ to 2^-fold. This compares 
well with the 3^fold stimulation of efflux reported recently 
for the colonic tumor cell line 7B4 (Venglarik et al., 1990) 
and with the 2j9-fold stimulation by forskolin ot>served in 
primary cultures of normal human trachea (Li et al., 1988). 
The time course of stimulation in the PU-CFTR 6 clone 
is also similar to that observed in TB4. Our results indicate 
that expression of CFTR cDNA endows CFPA01 cells 
with cAMP-responsive anion efflux. 

The correlation between forskolin responsiveness of the 
PU-CFTR clones and their CFTR mRNA levels was not 
striking (compare Figures 2 and 38). Three of the best 
responders in the efflux assay showed high mRNA levels 
{i.e-, PLK:FTR clones 1. 6. and 10). In other instances, 
however, the correlation was not as good. For example, 
ctones 7 and 8 showed approximately a 2-fold response 
to forskolin but had relatively low mRNA levels, and clones 
3 and 9 showed a low forskolin response despite the pres- 
ence of readily detectable CFTR mRNA. 

Addition of the Ca ionophore ionomycin increased ^2S| 
efflux in all control and CFTR clones. Values of riofjrtassi 
averaged 14 ± 2 in PU and 14 ± 1 in PU-CFTR (n = 
20) in each group; no significant differences were de- 
tected between individual clones. The extent of response 
of PU clones to ionomycin is similar to that observed pre- 
viously in wild-type CFPAC-1 cells (Schoumacher et aL. 
1990) and is about 3 times the response of T84 cells (Ven- 
glarik et al., 1990). The ability of Ca ionophores and Ca- 
mediated agonists to stimulate CI secretion has been re- 
ported for airway and sweat gland cells derived from both 
normal individuals and CF patients (Sato and Sato, 1984; 
Frizzell et a!.. 1986; Willumsen and Boucher. 1989). The 
presence of this response in CF cells indicates that CFTR 
is not required for Ca-mediated stimulation of CI transport. 
The lack of significant differences in the extent of Ca stim- 
ulation in PU and PU-CFTR clones suggests that CFTR 
does not modulate the activity of Ca-mediated regulatory 
pathways that govern CI secretion. 

aones Transduced with the CFTR Retrovirus 
Show cAMP-lnduced CI Currents 
Whole-cell patch-clamp recordings were used to deter- 
mine whether the cAMP-induced increase in anion efflux 
in PU-CFTR clones (Figure 3) was due to stimulation of 
CI conductance pathways (Cliff and Frizzell, 1990). A typi- 
cal response of PU-CFTR clone 1 is illustrated in Figure 
4A. Chloride currents were measured as the inward cur- 
rent produced by voltage pulses to -84 mV. Similar in- 
creases in inward current were observed in 11 of 13 cells 
from PU-CFTR clones 1. 6. and 10, in which addition of 
forskolin (5 or cAMP (200-800 jiM) increased inward 
currents from 220 ± 68 pA to 1690 ± 495 pA in respond- 
ing cells. The magnitude of this response compares favor- 
ably with that observed in T84 cells (Cliff and Frizzell, 
1990) and primary tracheal cell cultures derived from nor- 
mal subjects (W. H. C. and R. A. R, unpublished data). As 
shown in Figure 48. no current responses were observed 
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Figure 4. Whole-Cell CI Currents in PU and PU-CFTR Clones 
(A) Stimulation oi inward currents in a PU-CFTR done 1 cell by 5 jiM 
forskolin under whole<el( voltage^lamp. Membrane voltage was held 
at -10 mV and pulsed to 0 and -64 mV. The gap in the record 
represents time <6 min) during which bath solution substitutions were 
performed to determine ion selectivity of the forskol in-induced current 
(see (CJ). Pulse protocols for determining the l-V relations were run at 
the indicated times. Similar results were obtained in 11 PU-CFTR 
clone 1. 6, and 10 cells. 

(8) Failure of cAMP (400 jiM) or forskolin (5 mM) to stimulate membrane 
currents in a PU done 6 ceil. Membrane voltage was held at -20 mV 
and pulsed to 0 mV and -84 mV. Similar results were otrtained in six 
PU clone 6 celts. 

(C) Instantaneous l-V relations of forskol in-induced currents in NaCi 
bath, tow CI bath, and Na-free bath. Forskolin-induced currents were 
obtained by digital subtraction of currents before and after stimulation; 
the values shown were recorded 6 ms after the initiation of voltage 
pulses. These data were obtained from the PU-CFTR done 6 cell rec- 
ord shown in (A) during the 6 min recording gap. 



in cells from the control clone, PU 6 (n = 6). As observed 
for the ^251 efflux determinations, ionomycin (2 fiM) in- 
creased inward currents in both PU (n = 4) and PU- 
CFTR (n = 3) clones. 

Figure AC illustrates current-voltage (l-V) relations of 
the forskolin-stimulated current obtained from PU-CFTR 
clone 1. The l-V relation of the stimulated current ap- 
peared to be linear, as observed in T84 cells (Cliff and Friz- 
zell, 1990). Currents determined using equal bath and pi- 
pette CI concentrations reversed near the CI equilibrium 
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potential of 0 mV. Reducing the bath CI concentration to 
6 mM (glutamale replacement) decreased the outward 
currents and shifted the reversal potential for current flow 
to +66 mV, a value close to the CI equilibrium potential 
(+80 mV) for this outwardly directed CI gradient. Replace- 
ment of bath Na by N-methy(-o-gIucamine (NMOG) did not 
significantly alter the l-V relation. These findings indicate 
that the forskotin-stimulated current is CI selective and 
that the stimulation of an anion efflux in PLJ-CFTR clones 
is due to activation of CI conductance pathways. 

Discussion 

Our findings indicate that expression of the normal CFTR 
gene from a retroviral vector confers cAMP-dependent CI 
channel regulation on CF epithelial cells. cAMP and for- 
skolin increased anion efflux and CI currents in CFTR- 
transduced CFPAC-1 clones but not in control clones. The 
time course and magnitude of stimulation in responding 
PLJ-CFTR clones are similar to those observed previously 
in normal human tracheal cells and 7B4 cells, which ex- 
press high levels of wild-type CFTR mRNA relative to 
other cell lines and tissues (Riordan et al., 1989). This sug- 
gests that CF cells are capable of transport responses 
that are physiologically significant in magnitude, provided 
that the normal gene can be expressed at reasonably high 
levels. 

Evidence that CFTR is in fact the gene for CF was. until 
now, based solely on genetic data. Numerous CFTR mu- 
tations have been identified that are found only on CF 
chromosomes. Most notable is the common AFsoe dele- 
tion, which has now been found on more than 9000 CF 
chromosomes (Cystic Fibrosis Genetic Analysis Consor- 
tium, 1990), Haplotype analyses suggest that the chromo- 
somes carrying AF508 may have descended ifrom a com- 
mon ancestor (Kerem et al., 1989). It could be formally 
argued that this particular mutation was present on the 
ancestral CF chromosome and is a private polymorphism 
closely linked to the true CF mutation. This hypothesis 
would seem unlikely, however, based on the absence of 
AFsoe on other normal chromosomes of the same haplo- 
type. and the large number of additional mutations (in- 
cluding nonsense and frameshift abnormalities) subse- 
quently identified in CF chromosomes (Cutting et al.. 
1990; White et aL, 1990; Kerem et al.. 1990; Dean et al., 
1990). The functional data presented here formally prove 
that CFTR is the CF gene; the addition of a single normal 
copy of CFTR to a CF cell alleviates the defect in CI chan- 
nel regulation, as would be expected for a recessive trait 
such as CF. Furthermore, the complementation scheme 
described here provides an assay to determine the validity 
of other putative CF mutations and to study the function 
of CFTR by site-specific mutagenesis or domain switching 
with other members of this large ABC gene family (Hyde 
et al., 1990). 

Preliminary evidence has suggested the possibility of 
alternative splicing of several exons in CFTR mRNA (T. 
Strong and F S. C, unpublished data). Alternative tran- 
scriptional start sites have also been detected that could 
result in different amino termini (J. Koh and F S. C, un- 



published data; J. M. R. and L.-C. T. unpublished data). 
The possibility that a combination of several CFTR protein 
isoforms might be necessary for normal CI channel regu- 
lation has thus been raised. The success of the experi- 
ments described in this report demonstrates that the cONA 
utilized here has all the sequences necessary to encode 
a fun^ional protein, at least as assayed in CFPAC-1 cells 
t>y the analysis of cAMP-stimulated CI current. Whether 
other forms of CFTR are also capable of complementa- 
tion, and whether all aspects of the CF phenotype can be 
complemented by the cONA used here, remains to be de- 
termined. 

Results from t>oth physiologic and molecular cloning 
studies have raised the possibility that CFTR is a CI chan- 
nel. The defect in CI channel activation by cAMP-depen- 
dent protein kinase is present at the single-channel level 
in cell-free membrane patches (Scfioumacher et al., 1987; 
Li et al., 1988), and the protein structure predicted from CF 
gene cloning suggests that CFTR is an integral mem- 
brane protein with 12 membrane-spanning domains (Rior- 
dan et al.. 1989). However, in our study there is noi a good 
correlation between the cAMP responsiveness of PLJ- 
CFTR clones and their CFTR mRNA levels. If the extent 
of CFTR expression corresponds to its mRNA levels, the 
lack of correlation between expression and transport sug- 
gests that a cellular component(s) other than CFTR is 
required for cAMP-stimulated anion transport. That is, 
CFTR is necessary but not sufficient for the CI channel re- 
sponse, suggesting that CFTR is probably not a cAMP- 
dependent protein kinase-activatable CI channel. We can- 
not exclude the possibility that clonal variabilities in other 
limiting factors account for this lack of correlation. 

CF-associated alterations in other cellular processes 
such as amiloride-sensitive Na transport (Boucher et al., 
1986) and mucin sulfation (Cheng et al., 1989) have been 
identified. This has given rise to the concept that CFTR 
may regulate several cellular processes. The rote that 
CFTR plays in CI channel regulation and in controlling 
other cellular events has not been elucidated, but the 
clonal PU cell lines will be useful for detailed studies of 
CFTR function. 

Our results also suggest a strategy for treating CF 
based on retrovirus-mediated transfer of a normal CFTR 
gene into CF epithelial cells. We have shown that trans- 
duction of a single copy of the recombinant CFTR gene 
leads to stable correction of the CI channel defect in pan- 
creatic cells and that retroviral vectors are a useful means 
of transfer despite the large size of the CFTR cONA. Air- 
way epithelial cells, however, would be the most desirable 
targets for gene transfer because the pulmonary compli- 
cations of CF are usually its most morbid and life limiting 
(Taussig. 1984). Airway epithelial cells are easily infected 
with recombinant retroviruses (M. C. lannuzzi, M. L. O., 
and J. M. W., unpublished data), suggesting that the ap- 
proach described in this report may also be useful for 
gene therapies directed to the lung. 

Despite the encouraging data on functional comple- 
mentation of CF presented in this study, many major ques- 
tions remain about the feasibility of gene therapy of CF 
using a retrovirus. For example, what type of airway cell 
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is the appropriate target for gene transfer, and what are 
the consequences of ectopic expression or overexpres- 
sion of CFTR? Is it possible to achieve a therapeutic effect 
if the efficiency of gene transfer is less than 100%? What 
is the best strategy for obtaining stable and efficient recon- 
stitution of function in the airway in vivo without exposing 
the patient to excessive risks? The answers to these and 
other pressing questions in CF biology will need to be in- 
tensively sought in order to translate this retroviral com- 
plementation strategy into clinical practice. 

Experimental Procedures 

Cell Unes 

CFPAC-1 cells were matnlained in culture as descrit>ed previously 
(Schoumacher et al.. 1990); cells used for retroviral infection were at 
passage 72, Infected populations of CFPAC-1 cells were selected in 
medium containing G418 (1 mg/mO in order to isolate individual dooes. 
Transduced CFPAC-1 cells were renrKwed from selection soon after 
they were expanded as clones. This was not associated with an appar- 
ent toss of proviral sequences or proviral expression. The ampholropic 
packaging ce« line yCrip was maintained in Oult>ecco's modified Ea- 
glet medium supplemented with 10% calf serum and penicillin-strep- 
tomycin as descrit>ed panos and Mulligan. 1988). 

Construction of CFTR cONA 

The cONA %vas constructed by joining the overlapping clones 10-1. 
T16-1. and T16-45 (Riordan et aL. 1989). Ctones 10-1 and T16-1 were 
ligated at the unique Nrul site in exon 4, and the resultant construct, 
spanning exons 1 through 13. was joined to T16-45. This was done by 
inserting a Sacl-EcoRI partial digestion product of T1&45, extending 
from exon 13 to exon 24, into the respective sites of the 5' 13Hexon con- 
struct. These manipulations generated a 4.5 kb clone containing the 
entire coding sequence as described (Riordan et al., 1989). It was ob- 
served that most ctones generated from these constructton attempts 
were grossly rearranged. Upon sequencing of an apparently intact 
construct, a 57 bp deletion was identified in exon 6b occurring between 
the two copies of a 13 bp direct repeat. On inspection, this interval was 
noted to contain a consensus prokaryotic promoter sequence. In an at- 
tempt to disrupt the repeat, three single-nucleotide alterations were 
made by in vitro mutagenesis (J. f^. R. and L.-C. T, unpublished data). 
The introduced changes, which do not alter the CFTR translation prod- 
uct but result in a stable construct, include substitution of T tor C at 
positton 930. A for G at 933. and T for C at position 936. The modified 
reconstructed CFTR plasmid is called Cf=TR4.6 

Retroviral Vectors and Recombinant Retroviruses 
Digestion of the modified CFTR plasmid with Sad released the modi- 
fied CFTR cONA on a 4.6 kb restriction fragment. The Sad sites were 
converted to Bell sites with oligonucleotides, and the (inkered fragment 
was cloned into the BamHI site of the previously described retroviral 
vector PU (Korman et al.. 1987). This recombinam vedor. called PU- 
CFTR. is presented in Figure 1A. Retroviral vectors PU and PU-CFTR 
were transfeded into the amphotropic packaging cell line yCrip as de- 
scribed. Tissue culture medium was removed from plates containing 
the transfeded packaging cells 24 hr later in order to harvest the tran- 
siently produced amphotropic virus. 

CFPAC-1 cells, passaged 1:5 onto 10 cm^ plates, were exposed to 
viral supernatanls supplemented with Polybrene (4 jig/ml) tor 12 to 16 
hr. When the cells reached confluence, they were passaged 1:10 into 
medium containing G418 (1 mg/ml). Ctones of cells were isolated, ex- 
panded, and cryopreserved. 

DNA and RNA Analysis of CFPAC-1 Ctones 
High molecular weight DNA was isolated from CFPAC-l cells as de- 
scribed and analyzed by gel blot hybridization (Wilson et al.. 1988). To- 
tal cellular RNA was purified and subjeded (o RNA blot analyses (W.I- 
son et al. 1988). Filters were hybridized with a variety of DNA probes 
that were'labeled to a high spedlic adiviiy using the random priming 
method (Feint>erg and Vogdslein. 1983). These probes indude the fol- 
lowing- exon 13 of CFTR. isolated lollowing PCR ampl.l.cat.on of 



doned cONA using oligonucleotides that flank the txjrders of this ex- 
on (nucleotides 1900 to 2611): Neo-specific sequences on a 960 bp 
Hindlll-Ncol fragment of pSV2Neo; and human y-adin cONA. 

Anton Efflux Measurements 

Radioisotopic anion efflux was determined as described (Venglank et 
a!., 1990). Briefly, cell monolayers were pretoaded with for 30 mm; 
after two washes, efflux was monrtored at 15 s intervals using a sam- 
p»e-<ep(ace procedufe. Al the end of the experiment, tracer remaining 
in the cell monotayer was extraded with 0.1 N NPO3. The efflux rate 
constant (r) for each sampling interval was catoulated as follows: r 
(ln(Ri) - ln(R2))/(t, - ta), %vhere R, and Rj are the percent of toaded 
^1 remaining in the monolayer at times t, and tj. Pofskolin or ionomy^ 
cin was added aftef the fifth 15 s sampling interva!. The degree of 
agonist stimulation is expressed as r«oo(wsAt>u«i< wtiere f^gonis: is the 
maximal value observed in the presence of agonist and ft>»^ is taken 
from the flux interval immediately prtor to agonist addition. 

Most of the extracellular washout occurs during the inrtial 60 s 
of sampling (Vfenglarik et al.. 1990); this pertod was ignored in the rate 
constant calculations. Howevet; a snoafl residual efflux from the ex- 
tracellular space after 60 s leads to a slight underestimate of the 
agonist response because the extracellular compartment washes out 
faster than the cellular compartment Therefore, when there is no ef- 
flux response to torskolin. r determined immediately after forstolin ad- 
ditton is slightly less than that measured before forskolin is added. This 
accounts for the finding that r^o^r^^ is between OS and 1.0 in the 
PU ctones (Figure 3B). 

Whole-Cell Current Recordings 

Macroscopic currents were recorded during whole-cell patch-damp by 
methods prevtously described (CWf and Frizzell. 1990). Recordings 
were made at 37*C with the following soluttons (mM): bath 115 NaCl. 
40 NMDG-glutamate, 5 potassium glutamate, 2 MgO^. 1 CaCla. 10 
HEPES (pH 7.2); pipette 115 KCI. 35 NMOG-glutamale, 0.25 EGTA, 
0.09 CaCl2 (100 nM free Ca). 2 MgCI^, 2 NazATP, 0.20 NajGTP. 10 
HEPES (pH 7.2). Membrane potentials were damped alternately for 
500 ms durations at three voltages, two of which were chosen to equal 
the equilibrium potentials tor Cl (0 mV) and K (-84 mV). This permits 
the Cl and K currents to t>e monitored during agonist responses (Cliff 
and Frizzell. 1990). Pulsing was interrupted to determine l-V relations 
by stepping the clamp voltage between ± 100 mV at 20 ntJ increments 
(Figure 4C). 
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Overlapping complementary DNA clones were isolated 
from epithelial cell libraries with a genomic DNA seg- 
ment containing a portion of the putative cystic fibrosis 
(CF) locus, which is on chromosome 7, Transcripts, 
approximately 6500 nucleotides in size, were detectable 
in the tissues affected in patients with CF. The predicted 
protein consists of two similar motifs, each with (i) a 
domain having properties consistent with membrane as- 
sociation and (ii) a domain believed to be involved in ATP 
(adenosine triphosphate) binding. A deletion of three 
base pairs that results in the omission of a phenylalanine 
residue at the center of the first predicted nucleotide- 
binding domain was detected in CF patients. 



CYSTIC FIBROSIS (CF) IS AN AUTOSOMAL RECESSIVE GENET- 
ic disorder affecting a number of organs, including the lung 
airways, pancreas, and sweat glands {!). Abnormally high 
electrical potential differences have been deteaed across the epitheli- 
al surfaces of the CF respiratory traa, including the trachea and 
nasal polyps, as well as across the walls of CF sweat gland secretory 
coils and reabsorptive ducts (2). The basic defect has been associated 
with decreased chloride ion conductance across the apical membrane 
of the epithelial cells (3). That the defea also appeared to persist in 
cultured cells derived from several epithelial tissues suggested that 
the CF gene is expressed in these cells (4). More recendy, patch 
clamp studies showed that this defect is probably due to a failure of 
an outwardly rectifying anion channel to respond to phosphoryl- 
ation by cyclic AMP-dependent protein kinase (protein kinase A) or 
protein kinase C (5). Although progress has been made in the 
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isolation of polypeptide components of an epithelial chloride chan- 
nel that mediates conductance (6), their relation to the kinase- 
aaivated pathway and CF has yet to be established, and the basic 
biochemical defea in CF remains unknown. 

Molecular cloning experiments have permitted the isolation of a 
large, contiguous segment of DNA spanning at least four tran- 
scribed sequences from a region thought to contain the CF locus 
(7). These sequences were initially identified on the basis of their 
ability to detca conserved sequences in other animal species by 
DNA hybridization and were subsequently characterized by RNA 
hybridization experiments, cDNA isolation, and direct DNA se- 
quence analysis (7). Three of the transcribed regions were excluded 
from being the CF locus by earlier genetic or DNA sequence 
analyses (7, The fourth one, as shown by genetic analysis (9) and 
DNA sequencing analysis presented below, corresponds to a por- 
tion of the CF gene locus. 

Isolation of cDNA clones. Two DNA segments (E4.3 and 
HI. 6) that deteaed cross-species hybridization signals (7) were used 
as probes to screen cDNA libraries made from several tissues and cell 
types (JO). After screening seven different libraries, one single clone 
(10-1) was isolated with H1.6 from a cDNA library made from the 
cultured epithelial cells of the sweat glands of an unaffeaed (non- 
CF) individual (10), 

DNA sequencing showed that 10-1 contained an insert of 920 
base pairs (bp) in size and one potential, long open reading frame 
(ORF). Since one end of the sequence shared perfea sequence 
identity with HI. 6, it was concluded that die cDNA clone was 
probably derived from this region. The DNA sequence in common 
was, however, only 113 bp long (Figs. 1 and 2). This sequence in 
faa corresponded to die first axon of the putative CF gene. The 
short sequence overiap thus explained the weak hybridization signals 
in library screening and our inability to detea transcripts in RNA 
gel-blot analysis. In addition, the orientation of the transcription 
unit was tentatively established on the basis of alignment of the 
genomic DNA sequence with the presumptive ORF of 10-1. 

Since the corresponding transcript was estimated to be about 
6500 nucleotides in length by RNA gel-blot hybridization experi- 
ments, frirther cDNA library screening was required in order to 
clone die remainder of die coding region. As a result of several 
successive screenings with cDNA libraries generated from die colon 
carcinoma cell line T84, normal and CF sweat gland cells, pancreas, 
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and adiilt lungs, 18 additional clones were isolated (Fig, 1). DNA 
sequence analysis revealed that none of these cDNA clones corre- 
sponded to the length of the obser\'ed transcript, but it was possible 
to derive a consensus sequence based on overlapping regions. 
Further cDNA clones corresponding to the 5' and 3' ends of the 
transcript were derived from 5' and 3' primer-extension experiments 
(Fig. 1). Together, these clones span about 6.1 kb and contain an 
ORF capable of encoding a protein of 1480 amino acids (Fig. 2). 

It was unusual that most of the cDNA clones isolated here 
contained sequence insertions at various locations (Fig. 1). While 
many of these extra sequences corresponded to intron regions 
reverse-transcribed during the construction of the cDNA, as re- 
vealed on alignment with genomic DNA sequences, the idenddes of 
several others were uncertain because they did not align with 
sequences at the corresponding cxon-intron juncdons, namely, the 
sequences at the 5' ends of clones 13a and T16-1 and at the 5' and 
3' ends of Tl 1, and the insertions between exons 3 and 4 in 13a and 
between exons 10 and 11 in T16-4.5 (legend to Fig. 1). More 
puzzling were the sequences corresponding to the reverse comple- 
ment of exon 6 at the 5' end of 1 la and the insertion of a segment of 
a baaerial transposon in clone CI 6-1; none of these could be 
explained by mRJ^A processing errors. 

In that the number of recombinant cDNA clones for the putative 
CF gene detected in the library screening was much less than would 
have been expected from the abundance of transcripts estimated 
from RNA hybridization experiments, it seemed probable that the 
clones that contained aberrant structures were preferentially retained 
while the proper clones were lost during propagation. Consistent 
with this interpretation, poor grouoh was observed for most of our 
recombinant clones isolated, regardless of the veaor used. 

RNA analysis. To visualize the transcript of the putative CF 
gene, we used RNA gel-blot hybridization with the 10-1 cDNA as 



the probe (Fig. 3). The analysis revealed a prominent band, about 
6.5 kb in size, in T84 cells. Identical results were obtained with 
other cDNA clones as probes. Similar, strong hybridization signals 
were also detected in pancreas and primary cultures of cells from 
nasal polyps, suggesting that the mature mRNA of the putative CF 
gene is about 6.5 kb. Minor hybridization signals, probably repre- 
senting degradation products, were detected at the lower size 
ranges, but they varied between different experiments. On the basis 
of the hybridization band intensity and comparison with those 
detected for other transcripts under identical experimental condi- 
tions, it was estimated that the putative CF gene transcripts 
constituted about 0.01 percent of total mRNA in T84 cells. 

Additional tissues were analyzed by RNA gel-blot hybridization 
in an attempt to correlate the expression pattern of the putative CF 
gene and the pathology of CF. Transcripts, all of identical size, were 
found in lung, colon, sweat glands (culnired epithelial cells), 
placenta, liver, and parotid gland, but the signal in these tissues was 
generally weaker than that detected in the pancreas and nasal polyps 
(Fig. 3), Intensity varied among different preparations; for example, 
hybridization in kidney was not detectable in the preparation shown 
in Fig. 3 but was clearly discernible subscquendy. Transcripts were 
not detected in the brain or adrenal gland, nor in skin fibroblast and 
lymphoblast cell lines. 

Thus, expression of the putative CF gene appeared to occur in 
many of the tissues examined, with higher levels in those tissues 
severely affeaed in CF. While this epithelial tissue— specific expres- 
sion pattern is in good agreement with the disease pathology, no 
significant difference was detected in the amount or size of tran- 
scripts from CF and control tissues (Fig. 3), consistent with the 
assumption that CF mutations are subtie changes at the nucleotide 
level. 

Characterization of cDNA clones. As indicated above, a contig- 
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Fig. 1. Overlapping cDNA clones 
aligned with genomic DNA frag- 
ments. The cDNA clones are repre- 
sented by open boxes with exons 
indicated. The corresponding ge- 
nomic Eco RJ fragments are sche- 
matically presented on the bottom, 
with lengths in kilobases. The 
hatched boxes denote intron se- 
quences, and stippled boxes repre- 
sent other sequences as outlined 
below. The filled box in the lower 
left is the position of the clone 
Hi. 6, which was used to isolate the 
first cDNA clone 10-1 from a nor- 
mal (N) sweat gland library (10). 
The definitive restriaion sites used 
for the alignment of cDNA and 
genomic fragments are indicated. 
Clones T6, T6/20, Til, T16-1, 
T13-1, T16-4.5, T8-B3, and T12a 
were isolated sequentially from the 
T84 cell library (10). Clones isolat- 
ed from the human lung cDNA 
library (70) are designated with the 
prefix CDU CDPJ5 is derived from 
a pancreas librarv (10). The CF 
swear gland cDNA clones, C16-1 
and CI- 1/5, together cox'er all but 
exon 1 and a portion of die 3' 
untranslated region. Both clones re- 
vealed a 3-bp deletion in exon 10. 
Qones riiat contain intron sequences arc CDLS26-1, T6/20, and T13-1. 
Clones Til, T16-4.5, CDLS16A, 11a, and 13a contain extraneous se- 
quences of unknown origin at posirions indicated. Clone C16-1 contains a 
short insertion corresponding to a portion of die y transposon of B. coli. 
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Both PA3-5 and TB2-7 arc 5' extension clones generated from pancreas and 
T84 R>IA by the anchored PCR technique (72), respectively. THZ-4 is a 3' 
extension clone obtained from T84 RNA. Both T12a aiid THZ-4 contain a 
polyadcnylation signal and a poly(A)'*^ tail. 
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6 1 GAGTAGTAGGTCTTTGGCATTAGGAGCTTGAGCCCAGACCGCCCTAGCAGGGACCCCAGC 
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1 2 1 GCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCAGCGTTGTCTCCAAACTTTTT 

FdWTRPILRKGYRQRLELSO 
1 81 TTCAteGGACCAGACCAATTTTGAGGAAACGATACAGACAGCGCCTGGAATTGTCAGAC 

lYQIPSVDSADNLSEKLErtE 
241 ATATACCAAATCCCTTCTGTTGATTCTGCTGAau^TCTATCTGAAAAATTGG^ 
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481 CGCTCTATCGCGATTTATCTAGGCATAGGCTTATGCCTTCTCTTTATTGTGAGGACACTG 
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54 1 CTCCTACACCCAGCCAT 



FGLHBIGMQMRIAM. 

rCATCACATTGGAATGCAGATGAGAATAGCTATG 
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tttagtttgatttataagaagKctttaaagctgtcaagccgtgttctagataaaataagt 
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661 attggacaacttgttagtctcctttccaacaacctgaacaaatttgatg- 
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721 ttcgcacatttcgtgtggatcgctcctttgcaagtggcactcctcatggggctaatctgg 



_ _ q Iasa fcglgflivla iZ3 
78 1 gagttgttacaggcgtctcccttctgtggacttggtttcctgatagtccttgcccttttt 
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DOR 



G K 



84 1 caggctgggctagggagaatgatgatgaagtacagagatcagagagctgggaagatcact 

erlvitsemi eniqsvkayc 
901 gaaagacttgtgattacctcagaaatgattgaaaatatccaatctgttaaggcatactgc 

weeamekmienlrdtelk lt 
961 tgggaagaagouitggaaaaaatgattgaaaacttaagacawlcagaactgaaactgact 
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1021 CGGAAGGCAGCCT ATGTGAGATACTTCAATACCTCAGCCTTCTTCTTCTCACGGTTCTTT 
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1141 TTCACCACCATCTCATTCTGCATTGTTCTGCGCATGGCGGTCACTCGGCAATTTCCCTGG 

AVQTMYDSLGAINKI Q I D F L Q 376 
1201 GCTGTACAAACATGGTATGACYCTCTTGGAGCAATAAACAAAATACACiiATTTCTTACAA 

KQEYKTLEYNLTTTEVVMEN 396 
1261 AAGCAAGAATATAAGACATTGGAATATAACTTAACGACTAC AGAAGTAGTG ATGGAGAAT 

VTAFMEElGFGE LFEKAKQNN 416 
1321 GTAACAGCCTTCTGGGAGGAGpGATTTGGGGAATTATTTGAGAAAGCAAAACAAAACAAT 



1381 AACAATAGAAAAACTTCTAATGGTGATGACAGCCTCTTCTTCAGT AATTTCTC ACTTCTT 

GTPVLKDIWrKIERGQI.L>V 
1441 GGTACTCCTGTCCTGAAAGATATTAATTTCAAGATAGAAAGAGGACAGTTGTTGGCGGTT 



1501 GCTGGATCCACTGGAGCAGGCAAtyiCTTCACTTCTAATGATGATTATGGGAGAACTGGAG 



496 



1561 CCTTCAGAGGGTAAAATTAAGCACAGTGGAAGAATTTCATTCTGTTCTCAGTTTTCCTGG 

IMPGTIKEWI irCVSYDEYR 516 

1621 ATT ATGCCTGGCACCATTAAACAAAATATCATCTTTGGTGTTTCCTATGATGAATATAGA 



1601 TACAGAAGCGTCATCAAAGCATGCCAACTAGAAGACtJACATCTCCAAGTTTGCAGAGAAA 

1741 GACAATATAGTTCTTGGAGAAGGTGGAATCACACTGAGTGGAGGTCAACGAGCAAGAATT 
XVTKDADLYLI.DSPrC 
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1801 TCT 
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1861 TACCTAG ATGTTTTAACAGAAAAAGAAATATTTGAAAdcTGTGTCTGTAAACTGATGGCT 

n ktrilvtskmehlkkadki 616 
1 921 AACAAAACTAGGATTTTGGTCACTTCTAAAATGGAACATTTAAAGAAAGCTGACAAAATA 

LILNEGSSYFYGTFSELQNL 636 
1981 TTAATTTTGAATG AAGGTAGCAGCTATTTTTATGGGACATTTTCAGAACTCCAAAATCTA 

QP DFSSKLMGCDSFDQF SAE 656 
2041 CAGCCAGACTTTAGCTCAAAACTCATCGGATGTGATTCTTTCGACCAATTt AGTGCAGAA 

RRNSILTETLHRFSLEGDAP 676 
2101 AGAAGAAATTCAATCCTAACTGAGACCTTACACCGTTTCTC ATTAGAAGGAGATGCTCCT 

VSWTETKKQ?FKQTGEFGEK 696 
2161 GTCTCCTGGACACAAACAAAAAAACAATCTTTTAAACAGACTGGAGAGTTTGGGGAAAAA 

RKnIilNPINS/^'iRK fIiVOK 716 
2221 AGGAACAATTCTATTCTCAATCCAATC AACTCTiATACGAAAArnTCCATTGTGCAAAAG 
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TPLQHNGIEEDSDEPLE. RRL 736 
ACT CC CTTACAAATGAATGGCATCGAAGAGG ATTCTGATGAGCCTTTAGAGAGAAGGCTG 

SLVPDSEOGEAILPRISVIS 756 
TCCTTAGTACCAGATTCTGAGCAGGGAGAGGCGATACTGCCTCGCATCAGCGTGATCAGC 

TGPTLiQARRROSVLKLMTHS 776 
ACTGGCCCCACGCTTCAGGCACGAAGGAGGCAGTCTGTCCTGAACCTGATGACACACTCA 

VNQGQNIHRKTTASTRKVSL 796 
GTTAACCAAGGTCAGAACATTCACCGAAAGACAACAGCATCCACACGAAAAGTGTCACTG 

APQANLTELDIYSRRLSQET 816 
GCCCCTCACGCAAACTTGACTGAACTGGATATATATTCAAGAAGGTTATCTCAAGAAACT 

/, 

GLElSEEINEEDLl^ECLFD b 836 
GGCTTGCAAATAAGTGAAGAAATTAACGAAGAAGACTTAAAfcGAGTGCCTTTTTGA^T 
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ATG<»GAGCATACCAGCAGTGACTACATGGAACACATACCTTCGATATATTACTGTCCAC 
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CATAGTAGAAATAACAGCTATGCAGTGATTATCACCAGCACCAGTTCCTATTATGTGTTT 



V G V A D T 



_L U R G L P 



2881 TACATTTACGTGGGAGTAGCCGACACTTTGCTTGCTATGGGATTCTTCAGAGGTCTACCA 

LVHTLITVSKI LHHKMLHSV 956 
2941 CTGGTGCATACTCTAATCACAGTGTCGAAAATTTTACACCACAAAATGTTACATTCTGTT 

LQAPMSTLNTLKAfcGI LNRF 976 
300 1 CTTCAAGCACCTATGTCAACCCTCAACACGTTGAAAGCAGETGGGATTCTTAATAGATTC 



SKDIAILD 
TCCAAAGATATAGCAATTTTGGAT 



L P L T l : F D F I Ql 996 
- lATTTGACTTCATCCAa 



V U Q P i Y I Fl 1016 



3121 TTG7TATTAATTGTGATTGGAGCTATAGCAGTTGTCGCAGTTTTACAACCCTACATCTTT 



T V P V I V A 



F lI Q T 1036 



3181 GTTGCAACAGTGCCAGTGATAGTGGCTTTTATTATGTTGAGAGCA7ATTTCCTCCAAACC 

SQOLKOLESEGRSP IFTHLV 1056 
324 1 TCACAGCAACTCAAACAACTGGAATCTGAAGGCAGGAGTCCAATrTTCACTCATCTTGTT 

TSLKGLWTLRAFGROPYFET 1076 
3301 ACAAGCTTAAAAGGACTATGGACACTTCGTGCCTTCGGACGGCAGCCTTACTTTGAAACT 

LFHKALNLHTANWFLYLSTL 1096 
3361 CTGTTCCACAAAGCTCTGAATTTACATACTGCCAACTGGTTCTTGTACCTGTCAACACTG 



R W F Q M R I y S M I ! 



I r r I 



"TH 1116 



34 2 1 CGCTGGTTCCAAATGAGAATAGAAATGATTTTT-GTCATCTTCTTCATTGCTGTTACCTTC 



I I S I i T T bl E G E G V G I I L T L m 1136 



34 81 ATTTCCATTTTAACAACAdGAGAAGGAGAAGGAAGAGTTGGTATTATCCTGACTTTAGCC 



IHNIHSTLPHAYNSII I D V D S Ll 1156 
3541 ATGAATATCATGAGTACATTGCAGTGGGCTGTAAACTCCAGCATAGATGTGGATAGCTTt 

HRSVSRVFKFI DMPTEGKPT 1176 
3601 ATGCGATCTGTGAGCCGAGTCTTT AAGTTCATTGACATGCCAACAGAAGGTAAACCTACC 

KSTKPYKNGQLSKVMIIENS 1196 
3661 AAGTCAACCAAACCATACJU^GAATGGCCAACrCTCGAAAGTTATGATTATTGAGAATTCA 

HVKKDDIWPSGGQMTVKDLT 1216 
3721 CACGTGAAGAAAGATGACATCTGGCCCrrCAGGGGGCCAAATGACTGTCAAAGATCTCACA 

A K YTEGGKXI LKMISFSISP 1236 
3781 GCAAAATACACAGAAGGTGGAAATGCCATATT AGAGAACATTTCCTTCTCAATAAGTCCT 

LtGRTCSCKSTLLSA 1256 



R | V C 

GG^TGGGt 



3841 GGCCAGAGGtTGGGCCTCTTGGGAAGAACTGGATCAGGGAAGAGTACTTTGTTATCAGCT 

FLRLLWTECE 1 QIPCVSWDS 1276 
3901 TTTTTGAGACTACTGAACACTGAAGGAGAAATCCAGATCGATGGTGTGTCTTGGGATTCA 



ITLQQWRKAF 



3961 AT AACTTTGCAACAGTGGAGGAAAGCCTTTGGAGTGATACCACA< 



.<$VAA( 



V F I r 1296 



GTATTTATTTTT 



SCTrRKNLPPTEQWSDQEIW 1316 
4 02 1 TCTGGAACATTTAGAAAAAACTTGGATCCCTATGAACAGTGGAGTGATCAAGAAATATGG 

y; V A p ^ I V G]LRSVypQrP<fl^ItP 1336 
4081 AAAGTTGCAGATGAGtTTGGGCTCAGATCTGTGATAGAACAGTTTCCTGGGAAGCTTGAC 



rVLVDCCCVL 



CHKQLMCI. 1356 



4141 TTTGTCCTTGTGGATGGGGGCTGTGTCCTAACCCATGCCCACAACCAGTTGATGTGCTTG 



A R 3 



L3KAKILI.LDEP3AaL 1376 



4201 GCTAGATCTGTTCTCAGTAAGGCGAAGATCTTGCTGCTTGATGAACCCAGTGCTCATTTG 



P P 



42 61 GATCCAI 



.GrkAa 



_R R T LKQAFADCT 1396 



.CATACCAAATAATTAGAAGAACTCTAAAACAAGCATTTGCTGATTGCACA 



VILCEBRI 
4 32 1 GTAATTCTCTGTGAACACAGGATAGAAGCAATGCTGGAATGCCAACAATTTT 



EAMLECQQF L|V I 1416 
TdSTCATA 



EENKVRQYDS I QKLLNERSL 1436 
4 381 GAAGAGAAqUVAGTGCGGCAGTACGATTCCATCCAGAAACTGCTGAACGAGAGGAGCCTC 

FRQAI SPSORVKLF PHRNSS 1456 
44 41 TTCCGGCAAGCCATCAGCCCCTCCGACAGGGTGAAGCrCTTTCCCXrACCGGAACTCAAGC 

KCKSKPQIAALKEETEEEVQ 1476 
4 501 AAGTGCAAGTCTAAGCCCCAGATTGCTGCTCTGAAAGAGGAGACAGAAGAAGAGGTGCAA 
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4 561 GATACAAGGCTTTAGAGAGCAGCATAAATGTTGACATGGGACATTTGCTC ATGG AATTGG 
4 621 AGCTCGTGGGAC AGTCACCTCATGGAATTGGAGCTCGTGGAACAGTTACCTCTGCCTCAG 
4681 AAAACAAGGATGAATTAAGTTTTTTTTTAAAAAAGAAACATTTGGTAAGGGGAATTGAGG 
4 741 ACACTCATATGGGTCTTGATAAATGGCTTCCTGGCAATAGTCAAATTGTGTGAAAGGTAC 
4801 TTCAAATXXTTCAAGATTTACCACmrrGTTTTCCAAGCXAGATTTTCCT^^ 
4861 GCCATCTOTAGTAATTGGAAAGGCAGCTCTAAATGTCAATCAGCCTAGTTGATCAGCTT 
4 921 ATTGTCTAGTGAAACTCGTTAATTTGTAGTG7TGGAGAAGAACTGAAATCATACTTCTTA 
4 981 GGGTTATGATTAAGTAATGATAACTGGAAACTTCAGCGGTTT AT ATAAGCTTGT ATTCCT 
50 4 1 TTTTCTCTCCTCTCCCCATGAT<n*TTAGAAACACAACTATAT'rcTTTGCTAAGCAT'rCCA 
5101 ACTATCTCATTTCC AAGCAAGTATTAGAAT ACCACAGGAACXAC AAGACTGCAC ATCAAA 
5161 AT ATGCCCCATTCAACATCTAGTGAGCAGTCAGGAAAGAGAACTTCCAGATCCTGGAAAT 
5221 CAGGGrTAGTATTGrCCAGGTCTACCAAAAAT CTCAATATTTCAGATAATCACAATACAT 
52 81 CCCTTACCTGGGAAAGGCCTGTTATAATCTTrCACAGGGGACAGGATGGTTCCCTTGATG 
534 1 AAGAAGTTGATATGCCTTTTCCCAACTCCAGAAAGTGACAAGCTCACAGACCTTTGAACT 
54 01 AGAGTTTAGCTGCAAAAGTATGTTAGTGCAAArTGTCACAGGACAGCCCTTCTTTCCACA 
54 61 GAAGCTCCAGGTAGAGGGTGTGTAAGTAGATAGGCCATGGCCACTGTGGGTAGACACACA 
552 1 TGAAGTCCAAGCATTTAGATGTATAGGTTGATGGTGGTATGTTTTCAGGCTAGATGTATG 
5581 TACTTCATGCTGTCTACACTAAGAGAGAATGASAGACACACTGAAGAAGCACCAATCATG 
564 1 AATTAGTTTTATATGCTTCTGTTTTATAATTrTGTGAAGCAAAATTTTTTCTCTAGGAAA 
5701 TATTTATTTTAATAATGTTTCAAACATATATTACAATGCTGTATTTTAAAAGAATGATTA 
57 61 TGAATTACATTTGTATAAAATAATTTTTATAT7TGAAATATTGACTTTTTATGGCACTAG 
5821 TATTTTTATGAAATATTATGTTAAAACTGGGACAGGGGAGAACCTAGGGTGATATTAACC 
5881 AGGGGCCATGAATCACCTTTTGGTCTGGAGGGAAGCCTTGGGGCTGATCGAGTTGTTGCC 
594 1 CACAGCTGTATGATTCCCAGCCAGACACAGCC7CTTAGATGCAGTTCTGAAGAAGATGGT 
6001 ACCACCAGTCrGAClGTTTCCATCAAGCGTACACTGCCrrCTCAACTCCAAACTGACTCT 
6061 TAAGAAGACTGCATTATATTTATTACTGTAA3AAAATATCACTTGTCAATAAAATCCATA 
6121 CATTTGTGT (A) n 

Fig. 2. Nucleotide sequence of cDNA encoding the CF transmembrane 
conduaancc regulator togcdier with the deduced amino acid sequence, 
DNA sequencing was performed by the dideoxy chain termination method 
(34) with ^^S-labeled nucleotides or by the Dupont Genesis2000 automatic 
DNA sequencer. Numbers on the left of columns indicate base positions and 
numbers on the right amino acid residue positions. The first base position 
corresponds to the first nucleotide in the 5' extension clone PA3-5, which is 
one nucleotide longer than TB2-7 (12). The 3' end and the noncodin| 
sequence arc shown above [nucleotides 4561 to 6129 plus the poly(A) 
tail]. Arrows indicate position of transcription initiation site by primer 
cxtcnrion analysis (11). Nucleotide 6129 is foUowed by a poly(A) traa. 
Positions of exon junaions are indicated by vertical lines. Potential mem- 
brane-spanning segments ascertained with the use of the algorithm of 
Eiscnberg et al (35) are enclosed in boxes. Amino acids comprising putative 
ATP-binding folds are underlined. Possible sites of phosphor>'lation (27) b)' 
protein kinases A or C are indicated by open and closed circles, respectively. 
The open triangle indicates the position at which 3 bp are deleted in CF. 
Abbreviations for the amino acid residues are: A, Ala; C, Cys; D, Asp; E, 
Glu; F, Phe; G, Gly; H, His; I, lie; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; 
Q, Gin; R, Arg; S, Scr; T, Thr; V, Val; W, Trp; and Y, T>t. 
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Fig. 3. RNA gel-blot analysis. Hybridization by the cDNA clone 10-1 to a 
6.5-kb transcript is shown in the tissues indicated. RNA samples were 
prepared ft-om cells and tissue samples obtained fi-om surgical pathology or at 
autopsy according to the methods described in (70). Total RNA (10 jxg) 
from each tissue and 1 \Lg of poly(A)'^ RNA from T84 ceils were separated 
on formaldehyde gels and transferred onto nylon membranes (Zctaprobe, 
Bio-Rad), which were hybridized with DNA probes labeled to high specific 
activity by the random priming method (36, 37). The positions of the 28S 
and 185 rRNA bands are indicated. 



uous coding region of the CF locus could be deduced from 
overlapping cDNA clones. Since most of the cDNA clones v^ere 
apparcntiy derived from unprocessed transcripts, frirther studies 
were performed to ensure the authenticity of the consensus se- 
quence. Each cDNA clone wzs first tested for chromosome localiza- 
tion by hybridization analysis with a human-hamster somatic cell 
hybrid containing a single human chromosome 7 and by pulsed field 
gel electrophoresis (7). The ones that did not map to the correa 
region on chromosome 7 were not pursued. Fine restriction enzyme 
mapping was then performed for each clone. While overlapping 
regions were clearly identified for most of the clones, many con- 
tained single copy, additional regions not readily recognizable by 
restriction enzyme analysis. 

The cDNA was frirther characterized in gel hybridization experi- 
ments with genomic DNA, Five to six different restriaion fragments 
could be deteaed with the 10-1 cDNA in Eco RI- or Hind in- 
digested total human DNA and a similar number of fragments with 
several other cDNA clones, suggesting the presence of multiple 
exons for the putative CF gene. The hybridization studies also 
identifiied the cDNA clones with unprocessed intron sequences 
when they showed preferential hybridization to a smaller subset of 
genomic DNA fragments with relatively greater intensities. For the 
confirmed cDNA clones, their corresponding genomic DNA seg- 
ments were isolated (7) and the exons and exon-intron boundaries 
were sequenced. In all, 24 exons were identified (Fig. 2). Physical 
mapping experiments (7) showed that the gene locus spanned about 
250 kb. 

The 5' terminus of the transcript was determined by primer 
extension (77), A modified polymerase chain reaaion, anchored 
PCR ( 72), was also used to facilitate cloning of the 5' end sequences. 



T16 C16 T16 C16 




B primer D primer 

Fig. 4. DNA sequence around the AF508 deletion. The normal sequence 
from base position 1627 to 1651 (from cDNAT16-l) is shown beside the 
CF sequence (from cDNA C16- 1). The left panel shows the seq uences from 
the coding strands obtained with the B primer (5'-Gi i l iCCTGGAT- 
TATGCCrGGGCAC-3') and the right panel diose from the opposite strand 
with the D primer (S'-GTTGGCATGCITrGATGACGCTTC-S'). The 
brackets indicate the three nucleotides in the normal diat arc absent in CF 
(arrowheads). Sequencing was performed as described in {34). 

Two independent 5' extension clones, one from pancreas and the 
other from T84 RNA, were characterized by DNA sequencing and 
differed by only 1 base in length, thus establishing tiic most 
probable initiation site for the transcript (Fig. 2). Since the initial 
cDNA clones did not contain a poly(A)^ tail indicative of the end of 
a mRNA, anchored PCR was also applied to the 3' end of the 
transcript (72). The results derived from the use of several different 
3 '-extending oligonucleotides were consistent with die intcrprcta- 
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tion that the end of the transcript was about 1.2 kb downstream of 
the Hind III site at nucleotide position 5027 (Fig. 2). 

The complete cDNA sequence spans 6129 base pairs excluding 
the poly(A)^ tail at the end of the 3' untranslated region and it 
contains an ORF capable of encoding a polypeptide of 1480 amino 
acids (Fig. 2). An ATG (AUG) triplet is present at the beginning of 
this ORF (base position 133-135). Since the nucleotide sequence 
surrounding this codon (5'-AGACCAUGCA-3') has the proposed 
features of the consensus sequence (CC)gCCAUGG(G) of a eu- 
karyotic translation initiation site (13), with a highly conserved 
A at the -3 position, it is highly probable that this AUG corre- 
sponds to the first methionine codon for the putative polypeptide. 

Detection of mutation. A comparison between the cDNA 
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Fig. 5. Hydropathy profile and predicted secondary structures of the CFTR. 
(A) The mean hydropathy index determined according to Kyte and Doolittle 
{19) of nine-residue peptides is plotted against the amino acid number. (B) 
The corresponding positions of features of secondary structure prediaed 
according to Gamier et al, {19). C, coil; T, turn; S, sheet; H, helix. 



sequences derived from OF and unaffeaed (N) individuals was next 
conducted. Two clones, C16-1 and Cl-1/5, were derived from a CF 
sweat gland cDNA library and together they spanned almost the 
entire coding region. The most striking difference between CF and 
N sequences was a 3-bp deletion (Fig. 4), which would result in a 
loss of a phenylalanine residue (position 508) in the predicted CF 
polypeptide. This deletion (AFsog) was detected in both CF clones. 
To exclude the possibility that this difference was due to a cloning 
artifact, sequence-specific oligonucleotides were used to screen 
DNA samples from CF families. Specific hybridization could be 
observed for each oligonucleotide probe with genomic DNA ampli- 
fied by PGR, confirming the presence of corresponding genomic 
DNA sequences (P). Furthermore, the oligonucleotide specific fqr^ 
the 3-bp deletion hybridized to 68 percent of chromosomes carrying _ 
a CF mutation but not to any of the normal chromosomes (0/198), 
an indication that a silent sequence polymorphism was unlikely. 
Sequence differences found elsewhere among the different cDNA 
clones probably represented sequence polymorphisms or cDNA 
cloning artifacts {i4). 

Predicted protein structure. Analysis of the sequence of the 
overlapping cDNA clones (Fig. 2) prediaed a polypeptide of 1480 
amino acids with a molecular mass of 168,138 daltons. The most 
charaaeristic feature of the prediaed protein is the presence of two 
repeated motifs, each of which consists of a domain capable of 
spanning the membrane several times and sequences resembling 
consensus nucleotide (ATP)-binding folds (NBF's) (i5) (Figs. 5 and 
6). These characteristics are remarkably similar to those of the 
mammalian multidrug resistance P-glycoprotein {i6) and a number 
of other membrane-associated proteins (as discussed below), sug- 
gesting that the prediaed CF gene produa is likely to be involved in 
the transport of substances (ions) across the membrane and is 
probably a member of a membrane protein superfamily (17). For the 
convenience of future discussion and to avoid confusion with the 
previously named CF protein and CF faaor (75), we will call the 
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FSLLGTPVLKDINFKIERGQLLAVAGSTGAGKTSLLMMIMG 
YTEGGNAILENISFSISPGQRVGLLGRTGSGKSTLLSAFLR 
PSRKEVKILKGLNLKVQSGQTVALVGNSGCGKSTTVQLMQR 
PTRPDIPVLQGLSLEVKKGQTLALVGSSGCGKSTWQLLER 
PSRSEVQILKGLNLKVKSGQTVALVGNSGCGKSTTVQLMQR 
PTRPNIPVLQGLSLEVKKGQTLALVGSSGCGKSTWQLLER 
PSRANIKILKGLNLKVKSGQTVALVGNSGCGKSTTVQLLQR 
PTRANVPVLOGLSLEVKKGQTLALVGSSGCGKSTWQLLER 
DTRKDVEIYKDLSFTLLKEGKTYAFVGESGCGKSTILKLIE 
ISRPNVPIYKNLSFTCDSKKTTAIVGETGSGKSTFMNLLLR 
PSRPSEAVLKNVSLNFSAGQFTFIVGKSGSGKSTLSNLLLR 
PSAPTAFVYKNMNFDMFCGQTLGIIGESGTGKSTLVLLLTK 
YKPDSPVILDNINISIKQGEVIGIVGRSGSGKSTLIKLIQR 
IPAPRKHLLKNVCGVAYPGELLAVMGSSGAGKTTLLNALAF 
KSLGNLKILDRVSLYVPKFSLIALLGPSGSGKSSLLRILAG 
QDVAESTRLGPLSGEVRAGRILHLVGPNGAGKSTLLARIAG 
FYYGKFHALKNINLDTAKNQVTAFIGPSGCGKSTLLRTFNK 
RRYGGHEVLKGVSLQARAGDVISIIGSSGSGKSTFLRCINF 
KAWGEVWSKDINIDIHEGEFWFVGPSGCGKSTLLRMIAG 
TPDGDVTAVNDLNFTLRAGETLGIVGESGSGKSQTAFALMG 
QPPKTLKAVDGVTLRLYEGETLGWGESGCGKSTFARAIIG 
KAVPGVKALSGAALNVYPGRVMALVGENGAGKSTMMKVLTG 
VDNLCGPGVNDVSFTLRKGEILGVSGLMGAGRTELMKVLYG 
LTGARGNNLKDVTLTLPVGLFTCITGVSGSGKSTLINDTLF 
KSYGGKIWNDLSFTIAAGECFGLLGPNGAGKSTIIRMILG 
AYLGGRQALQGVTFHMQPGEMAFLTGHSGAGKSTLLKLICG 



ISFCSQFSWIMPGTIK-ENIIFGVSYD 
DS ITLCX3WRKAFGVI PQKVF I FSGTFR 
IGWSQEPVLFATTI -AENIRYGRENV 
LGIVSQEPILFDCSI-AENIAYGDNSR 
IGWSQEPVLFATTI -AENIRYGREDV 
LGEVSQEP ILFDCS I -AENI AYGDNSR 
IGWSQEPVLSFTTI -AENIRYGRGNV 
LGIVSQEPILFDCSI-AENIAYGDNSR 
IGWSQDPLLFSNSI-KNNIKYSLYSL 
FS rVSQEPMLFNMSI -YENIKFGREDA 
ITWEQRCTLFNDTL-RKNILLGSTDS 
IS WEQKPLLFNGTI -RDNLTYGLQDE 
VGWLQDNVLLNRSI -I DN I SLAPGMS 
RCAYVQQDDLFIGL I AREHL IFQAMVR 
MSFVFQHYALFKHMTVYENISFGLRLR 
YLSQQQTPPFATPVWHYLTLHQHDKTR 
VGMVFQKPTP FPMS I -YDNIAFGVRLF 
GI MVFQHFNLWS HMT VLENVMEAP IQV 
VGMVFQSYALYPHLSVAENMSFGLKPA 
ISMIFQDPMTSLNPYMRVGEQLMEVLM 
IQMIFQDPLASLNPRMT IGEI I AEPLR 
AGIIHQELNLIPQLTIAENIFLGREFV 
IS EDRKRDGLVLGMS VKENMSLTALRY 
TYTGVFTPVRELFAGVPESRARGYTPG 
IGIVSQEDNLDLEFTVRENLLVYGRYF 
IGMIFQDHHLLMDRTVYDNVAIPLIIA 



GEGGITLSGGQRARISLARAVYKDADLYLLDSPFGYLDVLTEK 
VDGGCVLSHGHKQLMCLARSVLSKAKILLLDEPSAHLDPVTYQ 
GERGAQLSGGQKQRIAIARALVRNPKILLLDEATSALDTESEA 
GDKGTLLSGGQKQRIAIARALVRQPHILLLDEATSALDTESEK 
GERGAQLSGGQKQRIAIARALVRNPKILLLDEATSALDTESEA 
GDKGTQLSGGQKQRIAIARALVRQPHILLLDEATSALDTESEK 
GDRGAQLSGGQKQRIAIARALVRNPKILLLDEATSALDTESEA 
GDKGTQLSGGQKQRIAIARALIRQPRVLLLDEATSALDTESEK 
GSNASKLSGGQKQRI S lARAIMRNP KILILDEATS SLDNKSE Y 
PYGKS -LSGGQKQRI AIARALLREP KILLLDEATS SLDSNSEK 
GTGGVTLSGGQQQRVAIARAFXRDTPILFLDEAVSALDIVHRN 
RIDTTLLSGGQAQRLCIARALLRKSKILILDECTSALDSVSSS 
GEQGAGLSGGQRQRIAIARALVNNPKILIFDEATSALDYASEH 
PGRVKGLSGGERKRLAFASEALTDPPLLICDEPTSGLDSFTAH 
FEYPAQLSGGQKQRVALARSLAIQPDLLL-DEPFGALDGELRR 
GRSTNQLSGGEWQRVRLAAWLQITLLLLDEPMNSLDVAQQSA 
HQSGYSLSGGQQQRLCIARGIAIRPEVLLLDEPCSALDPISTG 
GKYPVHLSGGQQQRVSIARALAMEPDVLLFDEPTSALDPELVG 
DRKPKALSGGQRQRVAIGRTLVAEPSVFLLDEPLSNLDAALRV 
KMYPHEFSGGMRQRVMIAMALLCRPKLLIADEPTTALDVTVQA 
NRYPHEFSGGQCQRIGIARALILEPKLIICDDAVSALDVSIQA 
DKLVGDLSIGDQQMVEIAKVLSFESKVIIMDEPTCALIDTETE 
EQAIGLLSGGNQQKVAIARGLMTRPKVLILDEPTPGVDVGAKK 
GQSATTLSGGEAQRVKLARELSKRGLYILDEPTTGLHFADIQQ 
NTRVADLSGGMKRRLTLAGALINDPQLLILDEPTTGLDPHARH 
KNFPIQLSGGEQQRVGIARAWNKPAVLLADEPTGNLDDALSE 



Fig. 6. Alignment of the three most conserved segments of the amino acid 
sequences (single letter code) of the extended NBFs of CFTR with 
comparable regions of other proteins. These three segments consist of 
residues 433 to 473, 488 to 5 13, and 542 to 584 of the amino-tcrminal (N) 
half and 1219 to 1259, 1277 to 1302, and 1340 to 1382 of die carboxyl- 
tcrminal (C) half of CFTR. The heavy ovcrlining points out the regions of 
greatest similarity. The star indicates the position corresponding to the 
phenylalanine that is deleted in CF. Additional general homology can be seen 
even with the introduaion of very few gaps. The other sequences are of 
proteins involved in mulridmg resistance in human (hmdrl), mouse (mmdr 
1 and 2) and Plasmodium falciparum (pfmdr) {38)\ the a-faaor phcro- 
monc export system of yeast (STE6) (39); the hemolysin (hlyB) system of £. 



coli (22); screening of eye pigments in Drosophila (White) {23); an unknown 
liverwort chloroplast function (Mbpx) (25); vitamin B12 transport in E. coli 
(BtuD) {24); phosphate transport in E. coli (PstB) {40); histidinc transport in 
Salmonella typhimurium (hisP) (41); maltose transport in E. coli (malK) {42); 
oligopeptide transport in 5. typhimurium (oppD and oppF) {43); ribose 
transport in H. coli (RbsA) {44). UvrA is one component of an H. coli DNA 
repair system {45); Nodi is a gene product involved in nodulation in 
Rhizobium (46); FtsE is a protein that contributes to the regulation of cell 
division (47). In addition to these proteins that contain this long NBF, there 
is a large number of others that contain the two short nucleotide binding 
motifs A and B initially pointed out by Walker et al {48). Further, there are 
other proteins containing only motif A or B {49). 
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putative CF gene product the cystic fibrosis transmembrane conduc- 
tance regulator (CFTR). 

Each of the prediaed membrane-associated regions of CFTR 
consists of six hydrophobic segments capable of spanning a lipid 
bilayer {19)^ which are followed by a large hydrophilic region 
containing the NBF's (Fig. 5). On the basis of sequence alignment 
with other nucleotide-binding proteins, each of the putative NBF's 
in CFTR comprises at least 150 residues (Fig. 6). The single residue 
deletion (AFsog) detected in most of the CF patients is in the first 
NBF, between the two most highly conserved segments within this 
sequence. The amino acid sequence identity between the region 
surrounding the AF508 mutation and the corresponding regions of 
several other proteins suggests that this region is of functional 
importance (Fig. 6). A hydrophobic amino acid, usually one with an 
aromatic side chain, is present in most of these proteins at the 
position corresponding to Phe^**^ of CFTR. 

Despite the overall symmetry in the two-motif structure of the 
protein and the sequence conservation of the NBFs, sequence 
identity between the two motifs of the prediaed CFTR protein is 
modest. The strongest identity is between sequences at the carboxyl 
ends of the NBF's. Of the 66 residues aligned within these regions, 
27 percent arc identical and 1 1 percent are functionally similar. The 
overall, weak internal sequence identity is in contrast to the much 
higher degree (>70 percent) in P-glycoprotein for which a sequence 
duplication hypothesis has been proposed (16), The lack of conser- 
vation in the relative positions of the exon-intron boundaries in the 
CF gene also argues against recent exon duplication as a mechanism 
in the evolution of this gene (Fig. 2). 

Since there is apparendy no signal-peptide sequence at the amino 
terminus of CFTR (Fig. 7), the highly charged hydrophilic segment 
preceding the first transmembrane sequence is probably oriented in 
the cytoplasm. Each of the two sets of hydrophobic helices arc 
expected to form three traversing loops across the membrane and 
little of the sequence of the entire protein is expeaed to be exposed 
to the exterior surface, except the region between transmembrane 
segments 7 and 8. It is of interest that the latter region contains two 
potential sites for N-linked glycosylation (20). 

A highly charged cytoplasmic domain can be identified in the 
middle of the predicted CFTR polypeptide, linking the two halves 
of the protein. This domain, named the R domain, is operationally 
defined by a single large exon in which 69 of the 241 amino acids are 
polar residues arranged in alternating clusters of positive and 
negative charges. Moreover, nine of the ten sites at which there are 
consensus sequences for phosphor}'larion by protein kinase A and 
seven of the potential substrate sites for protein kinase C found in 
CFTR are located in this exon (21), 

Properties of CFTR could be further derived from comparison to 
other membrane-associated proteins (Fig. 6). In addition to the 
overall structural similarit}' with P-glycoproteins, each of the two 
predicted motifs in CFTR shows resemblance to the single motif 
structure of hemolysin B of Escherichia coli {22) and the product of 
the White gene of Drosophila (23). These proteins are involved in the 
transport of the lyric peptide of the hemolysin system and of eye 
pigment molecules, respeaively. The vitamin B12 transport system 
of E. fo/i, BtuD (24), and MbpX (25), which is a liverwort 
chloroplast gene produa whose fUncrion is unknown, also have a 
similar structural motif Further, CFTR shares structural similarity 
with several of the periplasmic solute transport systems of Gram- 
negative baaeria, where the transmembrane region and the ATP- 
binding folds are contained in separate proteins that function in 
concert with a third substrate-binding polypeptide (26). 

The overall structural arrangement of the transmembrane do- 
mains in CFTR is similar to several cation channel proteins (27) and 
some cation- translocating adenosine triphosphatases (ATPases) (28) 
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as well as the recently described adenylate q'clase of bovine brain 
(29). Short regions of sequence identity have also been detected 
between the putative transmembrane regions of CFTR and other 
membrane-spanning proteins (30). In addition, a sequence of 18 
amino acids situated approximately 50 residues from the carboxyl 
terminus of CFTR shows some identit)' (12/18) with the raf serine- 
threonine kinase proto-oncogene produa of Xaiopus laevis (31), 

Finally, a sequence identit}^ (10 of 13 amino acid residues) has 
been noted between a hydrophilic segment (position 701 to 713) 
within the highly charged R domain of CFTR and a region 
immediately preceding the first transmembrane loop of the sodium 
channels in both rat brain and eel (32). This feature of CFTR is not 
shared with the topologically closely related P-glycoprotein; the 
241-amino acid linldng peptide is apparendy the major difference 
between the two proteins. 

Relevance to the CF anion transport defea. In view of the 
genetic data of Kerem et al (9) and the tissue specificity and 
prediaed properties of the CFTR protein, it is reasonable to 
conclude that CFTR is directiy responsible for CF. It remains 
unclear, however, how CFTR is involved in the regulation of ion 
conduaance across the apical membrane of epithelial cells. 

It is possible that CFTR serves as an ion channel itself For 
example, 10 of the 12 putative transmembrane regions contain one 
or more amino acids with charged side chains (Fig. 7), a property 
similar to that of the brain sodium channel and the 7-aminobutyric 
acid (GABA) receptor chloride channel subunits, where charged 
residues are present in four of the six, and three of the four, 
respective membrane-associated domains per subunit or repeat unit 
(32, 33), The amphipathic nature of these transmembrane segments 
is believed to contribute to the channel- forming capacit)' of these 
molecules. In contrast, die closely related P-glycoprotcin, which is 
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not believed to conduct ions, has only two charged residues in all 12 
transmembrane domains. Alternatively, CFTR may not be an ion 
channel but instead it may serve to regulate ion channel activities. In 
support of die latter possibility, none of the rccendy purified 
polypeptides (from trachea and kidney) that are capable of reconsti- 
turing chloride channels in lipid membranes (6) appear to be CFTR, 
judged on die basis of molecular mass. 

In any case, the presence of ATP-binding domains in CFTR 
suggests that ATP hydrolysis is direcdy involved and required for 
the transport function. The high density of phosphorylation sites for 
protein kinases A and C and the clusters of charged residues in the R 
domain may both serve to regulate this aaivity. The deletion of 
Phe^**** in the NBF may prevent proper binding of ATP or the 
conformational change required for normal CFTR activity, conse- 
quently resulting in the observed insensitivity to activation by 
protein kinase A— or protein kinase C-mediated phosphorylation of 
the CF apical chloride conductance pathway (5). Since the predicted 
structure of CFTR contains several conserved domains and belongs 
to a family of proteins, most of which function as parts of 
multicomponent molecular systems (75), the CFTR protein may 
also participate in epithelial cell functions not related to ion 
transport. 

To understand the basic defect in CF, it is necessary to determine 
the precise role of Phe^**^ in the regulation of ion transport and to 
understand the mechanism that leads to the pathophysiology of the 
disease. With the CF gene (that is, the cDNA) now isolated, it 
should be possible to elucidate the control of ion transport pathways 
in epithelial cells in general. Knowledge gained from study of the CF 
gene product (CFTR), both the normal and mutant forms, will 
provide a molecular basis for the development of improved means of 
treatment of the disease. 
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Identification of tiie Cystic Fibrosis Gene: 

Genetic Analysis 

Bat-sheva Kerem, Johanna M. Rommens, Janet A. Buchanan, 
Danuta Markiewicz, Tara K. Cox, Aravinda Chakravarti, 
Manuel Buchwald, Lap-Chee Tsui 



Approximately 70 percent of the mutations in cystic 
fibrosis patients correspond to a specific deletion of three 
base pairs, which residts in the loss of a phenylalanine 
residue at amino acid position 508 of the putative product 
of the cystic fibrosis gene. Extended haplotype data based 
on DNA markers closely linked to the putative disease 
gene locus suggest that the remainder of the cystic fibrosis 



mutant gene pool consists of multiple, diflFerent muta- 
tions. A small set of these latter mutant alleles (about 8 
percent) may confer residual pancreatic exocrine function 
in a subgroup of patients who are pancreatic suflScient. 
Hie ability to detect mutations in the cystic fibrosis gene 
at the DNA level has important implications for genetic 
diagnosis. 



ALTHOUGH THE FREQUENCY OF CYSTIC FIBROSIS (CF) IS 
not uniformly high among all Caucasian populations, a 
consensus estimate is that it occurs once in 2000 live births 
(1), On the basis of the autosomal recessive mode of inheritance for 
this disease, a mutant allele frequency of 0.022 may be derived. 
Several different mechanisms, including high mutation rate (2), 

B. Kcrcm, J. M. Rommcns, J. A. Buchanan, D. Markiewicz, M. BuchwaJd and L.-C. 
Tsui arc in the Dcparmicnt of Genetics, Research Institute, The Hospital for Sick 
Children, Toronto, Ontario MSG 1X8, Canada. T. K. Cox and A. Chakravarti are in the 
Department of Human Genetics, University of Pittsburgh, Pittsburgh, PA 15261. M. 
Buchwald and L.-C. Tsui arc also members of the Departments of Medical Genetics and 
Medical Biophysics, Universit)' of Toronto, Toronto, Ontario MSS 1A8, Canada. 



heteroz)'gote advantage (3), genetic drift (4).^ multiple loci (5), and 
reproduaive compensation have been proposed in attempts to 
explain the high incidence and, indirecdy, the nature of the CF 
mutations. Although some of these hypodieses could not be further 
addressed because of the lack of knowledge about the basic defect in 
CF, several important observations have been made during the past 
few years through genetic analysis of the families of affected 
individuals (7-20). 

Extensive linkage analysis provides evidence for the existence of a 
single CF locus on human chromosome 7 (region q31) {7-10, 21). 
The detection of allelic and haplotype association between the CF 
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Identification of the Cystic Fibrosis Gene: 
Chromosome Walking and Jumping 

TOHANNA M. ROMMENS, MiCHAEL C. IANNUZZI, BaT-SHEVA KEREM, 

Mitchell L. Drumm, Georg Melmer, Michael Dean, Richard Rozmahel, 

Teffery L. Cole, Dara Kennedy, Noriko Hidaka, Martha Zsiga, 
Manuel Buchwald, John R. Riordan, Lap-Chee Tsui, Francis S. Collins 



An understanding of the basic defect in the inhented 
disorder cystic fibrosis requires cloning of the cystic 
fibrosis gene and definition of its protein product. In the 
absence of direct functional information, chromosomal 
map position is a guide for locating the gene, Chr^";^^^^ 
some walking and jumping and complementary DNA 
hybridization were used to isolate DNA sequences, en- 
compassing more than 500,000 base pairs, from the cystic 
fibrosis region on the long arm of human chromosome 7, 
Several transcribed sequences and conserved segments 
were identified in this cloned region. One of these corre- 
sponds to the c>'stic fibrosis gene and spans approxmiately 
250,000 base pairs of genomic DNA, ^ 



CYSTIC FIBROSIS (CF) IS R£GARJ>ED AS THE MOST COMMON 
severe autosomal recessive disorder in the Caucasian popula- 
tion, with a disease frequenq^ of 1 in 2000 live births and a 
calculated carrier frequeno' of about 5 percent (J). The major 
clinical symptoms and signs include chronic pulmonary disease, 
pancreatic exocrine insufficienc\% and an increase in die concentra- 
tion of sweat clcctrohtes. Aldiough recent advances have been made 
in die analysis of ion transport across the apical membrane m CF 
epithelium (2), it is not clear diat the abnormal regulation of 
chloride channels represents the primar)^ lesion in die disease. Apart 
from these electrophvsiological studies, an alternative approach has 
been taken in an attempt to understand die nature of die molecular 
defea dirough direa cloning of die responsible gene on die basis of 
its chromosomal location (J, 4), 

Linkage analysis based on a large number of polymorphic DNA 
markers has unambiguously assigned die CF locus (CF) to die long 
arm of chromoso me 7, band q31 (3-5). The identification of closely 
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linked flanking markers, MET and D7S8, has made it possible to use 
various novel gene cloning strategies to pinpoint die CF gene. These 
mediods include chromosome jumping from die flanking markei^ 
(6) cloning of DNA fragments from a defined physical region widi 
die use of pulsed field gel elearophoresis (7), a combinaaon of 
somatic cell hybrid and molecular cloning techniques designed to 
isolate DNA fragments from undermetfiylated CpG islands near CF 
(8) chromosome microdisseaion and cloning (9), and saturaaon 
cloning of a large number of DNA markers from die 7q31 region 

(10). . . * r' 

The saturation mapping approach, by systematic exanunation ot 
DNA markers from a flow-sorted genomic DNA Ubrary specific to 
chromosome 7, allowed die identification of two additional DNA 
markers (D7S122 and D7S340) closely linked to CF (10), Gcneac 
and physical mapping studies indicated die order of die four markers 
to be MET'D7S340-D7S122-D7S8, widi distance mtervals of 500, 
10 and 980 kilobase (kb) pairs, respectively (U)- This distance 
estimate for the MET-D7S8 inter\^al agrees well widi die data from 
previous genetic {4, 5, W) and physical mapping {12) studies. 

Chromosome walking and jumping. As die genetic data indi- 
cated tiiat D7S122 and D7S340 were probably in close proximit)^ to 
CF and die physical map of die region was well defined, the next 
logical step was to clone a large amount of die surrounding DNA 
and search for candidate gene sequences. In addition to convention- 
al chromosome walking mediods, die chromosome jumping tech- 
nique was used to accelerate die process, as a new bidirecnonal walk 
could be initiated from die end point of each jump. Furdiermore 
sequential walks halted bv "unclonable" regions often encountered 
in die mammalian genome could be circumvented by chromosome 
jumping (see below). Parallel chromosome jumping experiments 
were also performed from D7S8 toward D7S122 and D7S340 to 
narrow the region of interest {13). 

Ten genomic libraries %\'ere construaed during die course of our 
experiments {14). The contiguous chromosome region covered by 
chromosome walking and jumping was about 280 kb (Fig. 1). This 
effort involved die isolation and charaaerization of 49 recombinant 
phage and cosmid clones and nine jumping clones. The ability to 
bias die direction of jumps by careftil choice of probes {6) proved to 
be a usefiil feamre of the strateg>'. . 

A restriaion map of the cloned human DNA segments derived 
from chromosome walking and jumping was constructed (J^»g- 
As the two independently isolated DNA markers, D7S122 (pH131) 

RESEARCH ARTICLES 1059 



and D7S340 (TM58), were only -10 kb apart (Fig. 1), the walks 
and jumps were essentially initiated from a single point. The 
direction of walking and. jumping with respect to MET and D7S8 
was then established with the crossing of several rare-cutting 
restriction endonuclease recognition sites, such as those for Xho I, 
Nru I, and Not I (Fig. 1), and with reference to the long- range 
physical map (11, 12). The pulsed field mapping data also revealed 
that the Not I site identified in our study (see Fig. 1, position 113 
kb) corresponded to the one previously found associated with the 
mr-relatcd protein (IRP) locus {IRP) (8). As subsequent genetic 
studies showed that CF was most likely located between IRP and 
D7S8 {15, 16)y our walking and jumping effort, as described below, 
was directed exclusively toward cloning of this interval. 

Three regions in the 280-kb segment were not readily recoverable 
in the amplified genomic libraries initially used (14), These less 
clonable regions were located near the DNA segments H2.3A and 
X.6 and just beyond cosmid cW44, at positions 75 to 100 kb, 205 to 
225 kb, and 275 to 285 kb, respectively (Fig. 1). The recombinant 
clones near H2.3A were unstable, and underwent dramatic rear- 
rangements after only a few passages of baaerial culture. To fill in 
the resulting gaps, we constructed primary walking libraries with 
special host-veaor systems that allow propagation of unstable 
sequences {14, 17). Although the region near cosmid cW44 has not 
yet been recovered, the region near X.6 was successftilly rescued 
with these libraries. Mammalian DNA segments with unusual 
secondary structure or repetitive elements are unstable in baaerial 
cells (^7), but the nature of the less clonable sequences encountered 
in our study remain to be determined. It is of interest that potential 
recombination hot spots have been identified near H2.3A and the 
end ofcW44 {16), 

Alignment of cloned regions with genomic DNA. Together 
with the genomic DNA sequences isolated with the overlapping 
cDNA clones described by Riordan et a\. {18)^ the entire region 
cloned in our study extended >500 kb. To ensure that the DNA 
segments isolated by the chromosome walking and jumping proce- 
dures were colinear with the genomic sequence, we examined each 
segment by (i) hybridization analysis with human- rodent somatic 
hybrid cell lines to confirm localization on chromosome 7 {10, 19); 
(ii) pulsed field gel electrophoresis; and (iii) comparison of the 
restriction map of the cloned DNA to that of the genomic DNA. 
Accordingly, single copy human DNA sequences were isolated from 
each recombinant phage and cosmid clone and were used as probes 
in each of these hybridization analyses {20, 21). 

Although most phage and cosmid isolates represented correct 
walk and jump clones, a few resulted from cloning artifacts or cross- 
hybridizing sequences from other regions in the human genome, or 
from the hamster genome in cases where the libraries were derived 
from a human-hamster hybrid cell line. Confirmation of correct 
localization was particularly important for clones isolated by chro- 
mosome jumping. Because this cloning strategy requires the ligation 
of the two ends of a large genomic segment (5), tandem ligations of 
unrelated molecules can give rise to anomalous jumping clones. One 
of the jump clones was not located on chromosome 7 and was 
discarded. 

Further confirmation of the overall physical map of the overlap- 
ping clones was obtained by long-range restriaion mapping with 
the use of pulsed field gel elearophoresis {11, 12). A preliminary 
long-range map of this region describing D7S122 and D7S340 was 
previously published {11). The more recent walk-jump clones and 
cDNA clones corresponding to the CF locus generated a more 
extensive pulsed field restriction map, which was in complete 
concordance with that derived from chromosome walking (Fig. 2). 
Many of the recognition sites for rare-cutting restriaion enzymes in 
this region, such as Not I and Bss HIT, were resistant to digestion in 



the human-rodent cell hybrid {19)., presumably due to DNA methyl- 
ation. These sites were less resistant to digestion, however, in other 
hiunan cell lines (Fig. 2). 

The result of the long-range restriaion mapping study showed 
that the entire CF locus was contained on a 380-kb Sal I fragment 
(Fig. 2). Alignment of the restriction sites derived from pulsed field 
gel analysis to those identified in the partially overlapping genomic 
DNA clones revealed that the size of the CF locus was about -^250 
kb. 

The niost informative restriction enzyme that ser\xd to align the 
map of the cloned DNA fragments and the long-range restriction 
map was Xho I; all of the nine Xho I sites identified with the 
recombinant DNA clones appeared to be susceptible to at leas^ 
partial cleavage in genomic DNA (compare maps in Figs. 1 and 2). 
Furthermore, hybridization analysis with probes derived from the 3' 
end of the CF locus identified two Sfi I sites and confirmed the 
position of an anticipated Nac I site. 

Search for gene sequences. A positive result based on one or 
more of the following criteria suggested that a cloned DNA segment 
might contain candidate gene sequences: (i) detcaion of cross- 
hybridizing sequences in other species (as many genes show evolu- 
tionary conservation) (22), (ii) identification of CpG islands, which 
often mark the 5' end of vertebrate genes {23), (iii) examination of 
possible mRNA transcripts in tissues affeaed in CF patients, (iv) 
isolation of corresponding cDNA sequences, and (v) identification 
of open reading frames by direa sequencing of cloned DNA 
segments. The ongoing genetic analysis {15, 16, 24) strongly 
influenced how extensively a region was examined for possible gene 
sequences. All the methods have potential inherent limitations; 
because the DNA hybridization method for detecting conserved 
DNA sequences across species was relatively straightforward and has 
been successftil in deteaion of other loci (22), it was generally used 
as the first step. 

In some of the cross-species hybridization experiments, it was 
possible to use entire phage or cosmid clones containing human 
sequences as probes without removal of the repetitive elements 
because these sequences are in general not shared between distantiy 
related species. Distina cross-hybridization signals were deteacd 
with probes from four regions in the 280-kb span (Fig. 3). 

Conserved region 1 was defined by the DNA segment G-2 
(position 13 in Fig, 1); region 2 was detected by the cosmid CF14 
(positions 100 to 142); region 3 was defined by the probe R14.4E1 



Fig. 1 (facing page). Restriction map of the region of chromosome 7 
containing CF. The map proceeds fix)m left to right in six tiers with the 
direction of ends toward 7cen and 7qtcr as indicated. The restriction map for 
the enzymes Eco RI (R), Hind III (H), and Bam HI (B) is shown above the 
solid line, spanning the entire cloned region. Restriction sites indicated with 
arrows rather than vertical lines indicate sites that have not been unequivocally 
positioned. Additional restriction sites for other enzymes arc shown below the 
line. The scale is in kilobascs. Gaps in the doncd region are indicated by a gap in 
the solid line (//). These occur only in the portion deteaed by cDNA clones of 
the CF transcript and, on the basis of pulsed field mapping of the region (Fig. 
2), are unlikely to be large. Qiromosomc jumps are indicated by the arcs. 
Walking clones arc indicated by horizontal arrows above the map, with the 
direction of the arrow indicating the walking progress obtained with each clone. 
Cosmid clones begin with C or c; all other clones are phage. Cosmid CF26 
proved to be a chimera; the dashed portion is derived from a different genomic 
fragment on another chromosome. Roman numerals I through XXIV indicate 
the location of cxons of the CF gene. The horizontal boxes shown above the 
line are probes used in this and accompanying papers {16, 18). Three of the 
probes represent independent subdoning of fi^pients previously identified to 
dctea polymorphisms in this region: H2.3A corresponds to probe XV2C (5), 
probe El corresponds to KMX 9 (5), and E4. 1 corresponds to Mp6d9 (37). G- 
2 is a subfi^gment of E6 that detects a transcribed sequence (sec Fig. 4); R161, 
R159, and R 160 are synthetic oligonucleotides constructed fix>m the IRP locus 
sequence {26), indicating the location of this transcript on the genomic map. 
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(position 215); and region 4 was initially recognized by the probes 
E4.3 and HL6 (positions 264 to 268). The DNA segments that 
revealed sequence conservation were then tested for RNA hybridiza- 
tion and used to screen cDNA libraries of tissues affcacd in CF. 
Only a brief description of regions 1 to 3 is given below; region 4 
corresponds to the 5' end of the CF locus. 

The probe G-2, one of the first segments tested, detected a 3.7-kb 
transcript in simian virus 40 (SV40)-transformcd human fibroblasts 
(Fig. 4A). When this fragment was used to screen a human 
fibroblast and a human lung cDNA library, three independent 
clones were isolated (25). The overlapping cDNA clones spanned a 
length of 1.8 kb, and nucleotide sequence analysis revealed a 
potential open reading fi-ame corresponding to the 3' end of a 
coding region. Alignment of the cDNA sequence with that of the 
genomic DNA showed perfea sequence identity as well as cxon- 
intron structures. Because this gene could not be the CF gene on the 
basis of genetic data (16), charaaerization studies were not contin- 
ued. 

Region 2 was identified by the cosmid clone CF14, which 
revealed strong cross-species hybridization signals in mouse, chick- 
en, and bovine DNA (Fig. 3A). Restriction mapping of the genomic 
DNA showed that part of this region corresponded to the previous- 
ly reported IRP {8, 26). The extent of this locus was subsequendy 
confirmed by hybridization with oligonucleotide probes made to 
the IRP sequence of Wainwright et al (26) (Fig. 1). As family 
studies indicated diat CF maps to the D7S8 side of IRP {15, 76), 
chromosome walking and jumping experiments were continued in 
this direction. 



The first region that revealed a transcript at a location on the 
D7S8 side of the IRP gene was identified by the probe CFI6 (Fig. 
1, positions 135 to 140). This probe deteaed RNA transcripts of 
different sizes in various tissues; a 2-kb species was' observed in 
tracheal epithelium and pancreas, a less abundant 4-kb mRNA was 
seen in the brain, and a 9-kb transcript was observed in the liver 
(Fig. 4). When this probe was used to screen cDNA libraries made 
fi-om human lung and cultured epithelial cells from sweat glands, 
more than ten clones were isolated. Restriction enzyme analyses of a 
subset of these cDNA clones revealed significant differences. Nucle- 
otide sequence analyses of representative cDNA clones and the 
genomic DNA revealed that they shared a high degree (more than 
85 percent) of sequence similarity but that none of the cDNA clones 
showed perfea identity with the genomic DNA sequence. Further-- 
more, neither the genomic DNA nor any of the cDNA clones 
contained an open reading frame. Screening a sequence databank 
(GenBank) showed that these clones share remarkable sequence 
similarity with a region in the p-globin locus (between € and *^7), 
suggesting that these sequences correspond to a transcribed repeti- 
tive DNA family that is distina from the LINE-1 (long interspersed 
element) sequence (27). 

Region 3 (position 215) contained a high proportion of CpG 
nucleotide residues, as determined by sequencing the 1-kb Eco RI 
fragment of genomic DNA. Open reading frames were also detea- 
ed; however, neither RNA transcripts nor cDNA clones were 
deteaed with this probe. This could indicate that this transcript is 
restricted in tissue or developmental specificity, or that the notably 
weaker hybridization signals obser\'ed in other mammalian DNA's 



Fig. 2. Pulsed field gel electrophoresis mapping 
of the doncd region. DNA from the human- 
hamster cell line 4AF/102/K0I5 was digested 
with die enzymes (A) Sal I, (B) Xho I, (C) Sfi I, 
and (D) Nac I, and the firagments were separated 
by pulsed field gel electrophoresis and transferred 
to Zctaprobe (Bio-Rad). For each enzyme, a 
single blot was sequentially hybridized with the 
probes indicated below each panel, with stripping 
of the blot between hybridia^ations. DNA prepa- 
ration, restriction enzyme digestion, and crossed 
field gel ciearophoresis methods were as de- 
scribed {11). Electrophoresis was as follows: in 
0.5 X TBE (tris, borate, and EDTA) at 7 V/cm for 
20 hours with switching linearly ramped from 10 
to 40 for (A), (B), and (C), and at 8 V/cm for 20 
hours with switching ramped linearly from 50 to 
150 for (D). C corresponds to the compression 
zone region of the gel. Schematic interpretations 
of the hybridization pattern are given below each 
panel. Fragment lengths are in kilobases and were 
sized by comparison to oligomerized baaeri- 
ophage X DNA and Saccharomyces cerevisiae chro- 
mosomes. Alignment of individual enzyme maps 
was facilitated by reference to previously de- 
scribed maps (6, 11). H4.0, J44, and EG1.4 are 
genomic probes generated from the walking and 
jumping experiments (sec Fig. I). J 30 was isolat- 
ed by four consecutive jumps from D7S^ (6, 13). 
10-1, B,75, and CE1.5 and CEI.O together are 
cDNA probes that cover different regions of the 
CF transcript: 10-1 contains exons I to VI, B.75 
contains exons V to XII, and CE1.5 and CELO 
together contain exons XII to XXIV. Shown in 
(E) is a composite map of the entire MET-D7S8 
interval. The open box indicates the segment 
cloned by walking and jumping, and the arrow 
indicates the region covered by the CF transcript. 
The CpG- rich region associated with D7S23 (8) is 
at the Not I site shown in parentheses. This and 
other sites shown in parentheses or square brack- 
ets are not cut in 4AF/102/K015 but have been 
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were due to nonspecific hybridization of the CpG-rich sequence. 

Tlie CF locus. The next region of interest was first noted by the 
strong sequence conserv^ation between human and bovine DNA 
with die probes E4.3 and H1.6 (Fig. 3, B and C); only weak 
hybridization was deteaed in the mouse and hamster DNA with the 
human probe. The faa that different subsets of bands were detected 
in bovine DNA with these two overlapping DNA segments suggest- 
ed that the conscr\^ed sequences were located at the boundaries of 
die overlapped region (Fig. 3D). When dicsc DNA segments were 
used to detca RNA transcripts from various tissues, no hybridiza- 
tion signal was deteaed. In an attempt to understand the cross- 
hybridizing region and to identify' possible open reading frames, we 
determined the DNA sequences of the entire HL6 and part of the 
E4.3 fragment. The results showed that, except for a long stretch of 
CG-rich sequence containing the recognition sites for two restric- 
tion enzymes (Bss HII and Sac II) often found associated with 
undermethylated CpG islands (23), there wxrc only short open 
reading frames, which could not easily explain the strong cross- 
species hybridization signals. 

Undermethvlated CpG islands ha\'e been associated with the 5' 
ends of most housekeeping genes and a number of tissue-specific 
genes (23). To examine the methylation status of the highly CpG- 
rich region revealed by sequencing, genomic DNA samples prepared 
from fibroblasts and lymphoblasts were digested with the restriaion 
enzymes Hpa II and Msp I and anah'zcd by gel-blot hybridization. 
(The cnz)Tne Hpa 11 cuts die DNA sequence 5'-CCGG-3' only 
when the second oaosinc is unmethylated, whereas Msp I cuts this 
sequence regardless of the state of methylation.) Small DNA 
fragments were generated b\' both enz\Tnes, indicating that this 
CpG-rich region is indeed undermethylated in genomic DNA. 

Exhaustive screening of multiple cDNA libraries with the DNA 
segment H1.6 eventually yielded a single isolate (clone 10-1) 
carrying a 920-bp insert from a cDNA librar\^ construaed from 
cultured sweat gland cells of a non-CF individual (18). Nucleotide 
sequence analysis indicated that only 113 bp at the 5' end of this 
clone aligned with sequences in HI. 6 and thus provided a partial 
explanation for the poor hybridization signals observed in cDNA 
library screening- Use of die 10- 1 cDNA as a probe revealed a 6.5- 
kb transcript in RJSIA from the T84 colon cancer cell line (Fig. 4). 
Results of frirther cDNA cloning experiments, sequencing, and 
genetic analysis suggested that HI. 6 corresponds to the 5' end of 
the gene most likelv to be responsible for q^stic fibrosis {16, 18). 
With the use of several additional overlapping cDNA clones, a 
number of genomic DNA segments were isolated from the recombi- 
nant phage and cosmid libraries. Alignment of these cloned genomic 
DNA segments with the long-range restriaion map revealed diat 
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Fig. 3. Dctcaion of con- 
scr\'cd sequences by 
cross-spccics hybridiza- 
rion. Human, bovine, 
mouse, hamster, and 
chicken genomic DNA's 
were digested with Fxo 
RI (R), Hind III (H), 
and Pst I (P), and the 
fragments were subjca- 
cd to electrophoresis and 
blotted to Zctabind 
(Bio-Rad) as described 
(/O). The hybridization 
procedures were also as 
described (10) with the 

most stringent washing being at SS^'C in 0.2 x SSC (standard saline citrate) 
and 0.1 percent SDS, Probes for hybridization (Fig. 1) included: (A) entire 
cosmid CF14, (B) E4.3, and (C) H1.6. The schematic in (D) shows a 
detailed restriaion map of the overlapping segments E4.3 and HI. 6. The 
shaded region indicates the area of cross-species conservation. Sizes arc in 
kilobascs. 



the locus spans -250 kb (see Fig. 1). DNA sequencing and gel-blot 
hvbridization demonstrated that this gene locus contains a mini- 
mum of 24 exons. Pulsed field analysis of this region from CF 
patients with a varict\' of haplot\'pes (16) gave no evidence for any 
visible genomic rearrangements within this interv^al (28). A detailed 
description of the coding region of this gene is now available (18), 

Lessons from the search. A detailed analysis of 280 kb of 
contiguous DNA isolated by chromosome jumping and walking has 
permitted the cloning of the locus responsible for a'snc fibrosis 
without prior knowledge of the basic defect. A major difficult)' in 
identifying the CF locus has been the lack of chromosome rear- 
rangements or delerions, which greatly facilitated all previous 
successes in the cloning of human disease genes by knowledge of 
map position (29). The strategy^ used in our snidy may therefore 
serve as an example for other similar disease gene cloning studies for 
which no gross generic alterarion has been demonstrated, although 
the task will be more challenging for disorders that are rare or where 
diagnosis is difficult. 

As discussed above, the use of various molecular cloning tech- 
niques has led to the identification of DNA markers closely linked to 
CF (6-10). The posirioning of these markers relative to each other 
was facilitated by somatic cell hybrid mapping (10, 30), linkage 
analysis (3-5, 3/), and long-range restricrion mapping with pulsed 
field gel electrophoresis (8, 11, 12). Through the cooperation of 
patient families, clinicians, and CF researchers diroughout the 
world, many families, especially those in whom recombination 
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Fig. 4, RNA gcl-blot hybridization analysis, RNA hybridization results are 
shown for die genomic probes G-2 (A) and CFi6 (B). The cDNA clone 10- 
1 is the probe in (C). Approximately 10 |xg of total RNA from each human 
tissue as indicated was separated on a 1 percent formaldehyde gel (18). 
Positions of the 285 and 18S ribosomal RNA bands are indicated, and 
arrows indicate the positions of transcripts. HL60 is a human promyelocytic 
leukemia ceil line and T84 is a human colon cancer cell line (39). 
Nomial (N) and CF trachea arc shown. 

events had occurred near CF {15, 24), were identified and made 
available for genetic mapping studies, which led to an accurate 
localization of CF with respect to the flanking DNA markers {4, 5, 
10, 16). 

In the absence of useful cytogenetic landmarks to pinpoint CF, a 
systematic search of gene sequences within the entire region sug- 
gested by genetic data was required. Cloning from pulsed field gels 
and isolation of undermethylated CpG-rich regions (7, 8) served to 
identify further regions of interest, but cloning of a large contiguous 
stretch of DNA, as described in this article, allowed a more 
thorough examination of the region for candidate gene sequences. 
In this regard, the combination of chromosome walking and 
jumping appeared to be a highly productive strategy in covering the 
CF region. The jumping technique was particularly useful in 
bypassing "unclonable" regions, which are estimated to constitute 5 
percent of the human genome (17). An alternative to this strategy 
would be the use of yeast artificial chromosome (YAC) veaors 
which allow cloning of large DNA fragments in the size ranges of 
100 to 1000 kb (32); however, the construction of sublibraries with 
phage or cosmid veaors will probably still be required in order to 
generate a complete restriction map and identify candidate gene 
sequences from the YAC clones. 

The challenge of identifying all gene sequences in a large DNA 
segment was also formidable, as no single method was guaranteed to 
succeed. In view of the experience described above, it would be 
advisable to attempt a combination of all available methods. Search- 
ing for sequence conservation by cross-hybridization is rapid, and 
the ability to use entire phage or cosmid clones represents a 
substantial simplification of the screening procedure. However, not 
all large segments of human DNA could be used in this way; simple 
repetitive sequences (for example, CA repeats) rfiat are highly 
abundant in other animal species (33) can interfere with hybridiza- 
tion analysis. The evolutionary conservation of the E4.3 and HI. 6 
fragments, for example, was only apparent when these segments 
were isolated away from neighboring repeats. 

The ultimate task in this type of "reverse genetics" approach (34) 
is to prove the identity of a candidate gene as, by definition, the 
basic biochemical defea of the disease is unknown. Appropriate 
tissue distribution and predicted properties of the gene product 



provide strong supporting evidence; these criteria have now been 
met for the CF gene, as detailed in the accompanying paper by 
Riordan et al. (18), The identification of a specific mutation which is 
found in affected individuals but never appears in normal chromo- 
somes is much more compelling, and this evidence is presented for 
CF by Kerem et al. (16), who have now defined the most common 
CF mutation. Identification of other CF mutations will provide 
additional support. Expression of the normal cDNA in CF cells, 
which should correct the phenotypic chloride channel defect, will 
represent an important confirmation of the identit}' of the gene (35) 
and will be useful in the elucidation of the precise molecular 
pathology of the CF defea. 

The large size of the CF gene came as somewhat of a surprise; the 
absence of apparent genomic rearrangements in CF chromosomes^ 
and the evidence indicating a limited number of CF mutations (4) 
might have led to an expeaation of a small mutational target. The 
discovery that the most common CF abnormalit}' gives rise to the 
loss of a single amino add residue in a funaional domain suggests, 
however, that the phenotypc of CF is likely not due to complete loss 
of flinaion of the gene product. In this regard, CF may be similar to 
the sickling disorders, where a very specific subset of mutations in 
the p-globin gene and p^) give rise to an altered protein with 
unusual behavior (36). Complete absence of function of the p- 
globin gene gives rise to a different phenotype (P**-thalassemia); 
similarly, homozygous loss of function of the CF protein produa 
may lead to a different phenotype. 

In summary, the application of genetic and molecular cloning 
strategies has allowed the cloning of the cystic fibrosis locus on the 
basis of its chromosomal location, even without the benefit of 
genomic rearrangements to point the way. Further improvements in 
"reverse genetics" technology should facilitate the identification of 
many more genetic loci of biological and medical importance. 
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Probing the basic defect in cystic fibrosis 



Lap"Chee Tsui 

The Hospital for Sick Childrea University of Toronto, Ontario, Canada 

The concurrent developments in elearophysiology studies and the 
identification of the cystic fibrosis transmembrane conductance regulator 
(CFTR) gene has provided a unique opportunity to probe the basic cellular 
defea underlying cystic fibrosis. Various properties of the CFTR protein 
have been deduced from its primary sequence, the variety of mutations 
in patients and genotype-phenotype correlations, as well as the results of 
more recent DNA transfection studies. The most exciting observation is the 
fact that CFTR acts like a cAMP-regulated Cl~ channel. 

Current Opinion in Genetics and Development 1991, 1:4—10 



Introduction 



Cystic fibrosis (CF) is a common autosoma] recessive dis- 
order prevalent in the Caucasian population (for a review 
see [l]). The gene responsible for this disease has re- 
cently been identified through molecular cloning studies 
based on the precise chromosome localization of the dis- 
ease locus [2-4]. Currendy, the most exciting challenge 
in CF research, as for any disease in which a genetic de- 
fea 'is found before a clear biochemical description of 
that defea is available, is to identify of the function or 
functions of the gene product. Of particular importance 
to CF, however, will be to understand how the same de- 
fea can cause problems in a variety of orgaas. 

The abnormality in mucus secretion resulting in chronic 
obstructive lung disease and pancreatic enzyme insuffi- 
ciency, together with the elevated levels of sweat elec- 
trolytes, are indicative of a general exocrine malfunction 
in CF 1 1 ]. A defect in the regulation of chloride transpon 
has been the most consistent finding in studies of CF ep- 
ithelial cells (Fig. 1; reviewed in (5*,6»]). This defect ap- 
pears to be characterized by the lack of a cAMP-mediaied 
channel response, but diere haw been different descrip- 
tions regarding tiie prc)i'>erties of the chloride channel in- 
volved (7-]3]. Early single channel patch-clamp studies 
suggested that the ciiannel is out\^'a^d^y rectifying uith 
a conducti\ic>' of 26-50 picoSiemens (7.81, whereas the 
more recent measurements indicate that it may be a small 
linear channel of 4-8 picoSiemens [11-13). 

The concurrent de\'eiopmenis in CF elc*ctrophy.siology 
studies and the identification of the gene has provided 
a unique opporrunit)' to probe the bxsic cellular defect 
underlying this disease. In the past 18 months there has 
been significant progress in understanding the relation- 
ship between the ob.sen'ed defect in chloride transix^n 
and the putative protein prcxJuct of this gene, named 



the c^'Siic fibrosis transmembrane conductance regulator 
(CFTR). 



Predicted properties of the encoded protein 

From its cDNA sequence, CFTR is prediaed to contain 
1480 amino acid residues, and to have a relative molec- 
ular mass of about 170000 and a pi of 8-9 (3). In addi- 
tion, the protein appears to be internally duplicated: there 
are two repeated motifs, each consisting of six putative 
membrane-spanning regions followed by an ATP -binding 
site denoted as the nucleodde-binding fold (NBF) (Fig. 
2). The hydrophilic segment preceding the first trans- 
membrane sequence is probably in the cytoplasm, and 
the bulk of the protein is presumably also internally lo- 
cated. .The largest prediaed extracellular loop is between 
transmembrane segments 7 and 8, and contains two pos- 
sible N-Iinked glycosyiation sites. These features are rem- 
iniscent of those observed for many other membrane- 
associated transpon proteins in prokaryotes and eukary- 
otes |3,14*]. 

The R-domain is a highly charged cytoplasmic region link- 
ing the protein halves (Fig. 3). Tliis unique segment is 
not found in related transpon proteins, and the domain 
is operationally defined by a single large exon that en- 
codes this sequence. Of the 241 amino acids encoded in 
this exon, 69 are p>oIar residues, arranged in alternating 
clusters of positive and negative charges. In addition, nine 
of tlie ten potential sites for phosphorylation by protein 
kina.se A and seven of the putative protein kinase C phos- 
phoo'laiion targets found in CFTR are located in this do- 
main. Thus, the R-domain is thought to play an important 
role in CFTR function (3]- 

The pre.sence of ATP-binding site con.sensus sequences 
(the Walker A :ind B motifs) in CFITR suggests that ATl^ 
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Rg. 1. Cellular model for trans-epithelial chloride secretion 
(adapted from [38]). O" enters secretory cells across the ba- 
soalateral membrane, coupled to the entry of Na"*" and K**" 
via a loop diuretic-sensiti\^e Na+-K**"-2a~ cotransport process. . 
Sodium is returned to the serosal (plasma-facing) solution by the 
ouabain-sensitive Na"^-K+ pump, which also brings K"*" into the 
cell. Cellular K+ is returned to the serosal solution via basolat- 
eral channels. These three processes lead to cellular O" ac- 
cumulation at levels exceeding the electrochemical potential of 
extracellular O". O" then exits across the apical membrane by 
diffusion through CI "-sensitive channels, Na"** accompanies 0~ 
to the luminal solution by diffusing across the paracellular path- 
way, driven by the trans-epithelial voltage arising from electro- 
genic O" transport. The defect in CF cells is thought to be at 
the point of regulation of 0~ -sensitive channels. 

binding (and possibly its hydrol>'sis) is necessary for the 
function of the protein [3,14*]. The first experimental 
evidence for the involvement of AT? in CPTR function 
came from a svody by Thomas e! aL ll5'], who demon- 
strated binding of ATP to a 67-residue synthetic peptide 
spanning the central region of the first NBF. This pep- 
tide contains the Walker A motif and the central region 
of the coasensus ATP-binding site, but not the B motif; 
nevertheless, this does not exclude involvement of the B 
motif in the native protein. 

Based on the primary sequence and its siruaural resem- 
blance to other transport proteins, it is intuitive to sug- 
gest that CFTR is an epithelial cell-specific transponer. 
For example, Hyde etaL [l4*] argue the following: chan- 
nels, unlike transponers, do not require ATP hydrol>'sis, 
wliereas CFTR has two NBFs; ion flow through channei.s 
is bidirectional, whereas CFTR resembles a family of uni- 
directional transponers; a Cl~ channel is expected to 
have a tu mover rate far more rapid than that of trans- 
poners; CI " channels appear to have x-arying propenies 
in different tissues, \\tierea5 CF affects a variety of tissues; 
and finally, the molecular weight of a putative Cl~ chan- 
nel is much less tlian that of CFTR. Ringe and Pestko 
(l6] further speculate that the products of the arachi- 



donic add pathvv-ay, leukotrienes and prostaglandins, are 
possible substrates for CFTR. Although these are anrac- 
tive hypotheses, a different conclusion has been derived 
from cDNA transfeciion studies (see below). 



Identificat'on of naturally occurring mutations 



Useful information about the structure and function of 
CFTR may be derived from the characterization of both 
naturally occurring mutations and normal sequence vari- 
ants. An international consortium (the CF Genetic Anal- 
>'sis Consortium), which consists of 86 research groups 
fnDm more than 20 countries, has been established to col- 
lea this information. To date, over 75 dififerent disease- 
catising mutations have been reported. 

The most common CF mutation (APhe508. or AF508 in 
one-lener code), which accounts for 68% of the global 
defective gene pool [4,17], is a 3 bp deletion located in 
exon 10. The primary consequence of this mutation is the 
deletion of a single phenylalanine residue at position 508, 
which lies within the first NBF of the prediaed polypep- 
tide between the consensus Walker A and B motifs. It 
has been suggested that APhe508 may prevent proper 
binding or hydrolysis of ATP. or cause a co.iformational 
change affecting CFTR activity [3). 

The structural and functional importance of the region 
surrounding Phe508 has been further elucidated by sev- 
eral additional observations. First, a second 3 bp deletion 
has been found in the vicinity of APhe508 (18). This mu- 
tation,' which is the only other single amino add dele- 
tion found in CFTR so far, deletes the isoleucine residue 
at position 506 or 507 (hence denoted as Alie507). Sec- 
ond, amino acid substitutions for Phe508 and lle506 have 
been found in two rare variant alleles that are appar- 
ently normal (with either a cysteine residue at posidon 
508 or a valine residue at 506) [19]. Thini, direa analy- 
sis of the physical properties of a synthetic peptide con- 
taining these amino acid residues suggests that deletion 
of any of the residues could induce a significant struc- 
tural change in the predicted p-sheet structure and also 
affect ATP binding (15*]. These obsen'ations are consis- 
tent, tlierefore, with the hy]X>thesis that the length of the 
poly}>eptide is more imix)rtant xhzn tlie identity of the 
actual amino acid residues in this region [18]. 

A number of missense mutations hav'e been found 
witliin the two NBFs, some of them affecting the highly 
conserved residues in the Walker moufs (e.g. GIy458 
|20), Ser5^9 (38], and Gly551 (18,21 ). These mutations 
thus confirm that ATP binding (and possibly hydrol- 
^-sis) is essential for CFTR function. Those mutations 
that affect non-coaserved amino acids (e.g. AspllO-^His, 
Argll7-+His, Arg347^Pro, Ala559— Thr, Tyr563-^Asn, 
and Pro574 — His (18,21,22]) are perhaps more reveal- 
ing because the importance of these residues could not 
otherwise be easily recognized. Understanding the role 
of these missen.se mutations may be more difficult at the 
present time, however, as the three-dimensional structure 
of the protein is unknown. 



c 

6 ' Genetics of disease 



(a) CF Gene 



50 



~nr~ 

100 



"-J — 

150 



200 



1 

250{kb) 



1 2 3 4 6a 7 9 10 1112 14a 15 17a 18 19 20 21 23 

5 6b 8 



11 12 14a15l7a 18 
13 14b 1617b 



23 
22 24 



(b) CFTR 17b 21 

1 2 3 4 5 6a6b 7 8 9 10 1112 13 14a 151617a 18 19 20 2223 24 

U U UU UU I It 1 U U UU UU I : 1 1480aa 

Membrane spanning ATP- R-domain Membrane spanning ATP- 



AspllO 
-»His 



Argil 7 



Arg347 

--►PfO 



binding 

I L 



binding 



Gly458 
-►Val 



3659delC 



Trpl282 
-^stop 



.Ala455 



CIn 493 
->stop 



APhe508 


Gly542 
-^stop 


Ala5S9 
-yThr 


1 1 1 


Alie507 


Ser 549-> 
Asn/Ile/Ar^ 


A(gS60 
->Thr 


— » 














Gly551 
-►Asp 





Tyr563 
->Asn 



Pro 574 
-*His 



Fig. Z Schematic diagram (adapted from 1391) of the exon-intron organization of the CFTR gene (a), and the putative domain-type structure 
of its produa (b). The gene is composed of 27 exons. The nomenclature 6a, 6b, 14a, 14b, 17a and 17b reflects intron sequences not 
originally reported 121. The positions of the CF mutations, including the major mutation APhe508, are indicated. 



The mutation screening 'data also confirm that the pre- 
dicted initiation codon (3) is correct; thus, in addition to 
AspllO-^His and Argll7-^His (22], there are more tJian 
ten other mutations known to precede the next available 
methionine codon, located in exon 4 (amino acid posi- 
tion 150), indicating that the sequence between exons 1 
and 4 is essential for CFTR function. 
Approximately half of the known CF mutations are 
nonsense, frameshift or mRNA splicing mutations (un- 
published data reported to the CF Geneuc Analysis con- 
sortium) (18,20-25]. Although mechanisms such as al- 
ternative splicing possibly prevent premature termination 
of CFTR SNTithesis for some of these mutant alleles, it 
is more probable that most, if not all, will produce a 
null phenotype. Although most of these mutations are de- 
tected in compound heierozygoies because of their rel- 



atively low individual frequency, there are some exam- 
ples of CF patients homozygous for such CF mutations 
who are thought to have a null CFTR phenot>pe [20,23]. 
These observations suggest that total absence of CFTR is 
not lethal and, moreover, patients with a presumed null 
CFTR phenotype can have merely a mild clinical course 
ofCF (20.23). 

E>espite extensive searches, only two frameshift muta- 
tions have been found towards the end of the R-domain 
(24.25]. In addition, no sequence pol>'morphism has 
been noted in this region among the large number of 
normal and CF alleles examined (the CF Genetic Analysis 
Consortium) [18]. The significance of these obseA'ations 
is unknown, but they are consistent witli the assumption 
that the R-domain is essential for CFTR function. 
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R-domain 



Fig. 3. Schematic model of CFTR (adapt- 
ed from 131), The six prediaed mem- 
brane-spanning helices in each half of 
the molecule are depicted as cylin- 
ders. The position at which ATP en- 
ters each of the cytoplasmically-ori- 
ented nucleotide-binding folds (NBFs) 
is marked. The large polar R-domain, 
which links the two halves, is repre- 
sented by a sphere. Individual charged 
amino acid residues are shown as 
small circles containing the appropriate 
charge sign. Net charges on the inter- 
nal and external loops joining the mem- 
brane cylinders and on regions of the 
NBFs are written in boxes. Potential sites 
for phosphorylation by protein kinase A 
(A) or C iV) and N-glycosylation 
are indicated. The symbol ® denotes 
the amino add residue Lys, Arg or His, 
and the symbol © denotes the amino 
acid residue Asp or Clu. 



Genotype-phenot ype correlation 

The remarkable concordance of pancreatic involvement 
among CF patients of the same family has provided the 
first suggestion that mutations in tlie CF gene have a di- 
rea clinical consequence (26). Kerem and coworkers [4] 
have proposed that there are \severe' and 'mild' muta- 
tions that determine the level of pancreatic function. Ap- 
proximately 90% of CF chromosomes are believed to 
cany a severe allele, such as APhe508, x^'i^e^eas the rest 
cany a mild allele. About 85% of patients, who are pan- 
creatic insufficient (PI), are thought to have two severe 
alleles; the other 15% of CF patients, who are pancreatic 
sufficient (PS), are thought to have at least one mild allele. 
Not all homozygous APhe508 patients are diagnosed as 
being PI, however. These exceptions may constimte the 
10-20% of PS patients whose pancreatic function deteri- 
orates at later stage (27]. 

Besides APhe508, at least 10 otlier mutations (Glu493-^ 
stop, AIle507, 1717-lG-lA, GK542-^siop, Ser549-*IIe, 
Ser549-Aig, Glp51-A5p, Arg560-Thr, 3659delC and 
Trpl 282-^ stop) are classified as .severe alleles (18,20,28). 
Only three mild alleles (Ala455-*Giu, Tyr563-^Asn ajid 
Pro574-*His) have been defined so far (18). It is of in- 
terest to note that the se\'ere alleles are generally not ex- 
pected to produce complete CFTR, whereas the mild al- 
leles are missense muiaiions. 

Although most PS patients tend to have better lung func- 
tion than PI patients; there does not .seem to be a direct 



correlation between genotype and pulmonary' phenotype 
[29*]. Thus, additional genetic and environmental factors 
are clearly involved in determining lung function, and it 
is also possible tliat tlie role of CFTR is different in dif- 
ferent organs. A l>etter understanding of the phenotvpes 
av.'aits a more detailed analysis of the function of CFTR 
itself. 



Construction of a fuH-Iength CFTR cDNA 



The cloning of tlie CFTR gene offers tlie potential to 
produce ilie protein in various expression s^'Stems for 
further biochemical and physiological analyses. Becaase 
of tlie large size of the gene (250 kb) and the lack 
of knowledge about its promoter region, most studies 
have used a full-lengtli cDNA insert expressed under 
die control of a heterologous promoter. The reconstnic- 
uon of a full-length cDNA from the previously isolated 
overlapping fragments (3) has been hampered, howcN^er, 
by the instability' of a DNA sequence within the cod- 
ing region QM Rommens, S Dho, CE Bc<i, N Kanner, 
Kennedy, JR Riordan, L-C Tsui and .IK Fosheit, un- 
' published data) 131-32-). Tliis technical difficulty' ^-as 
c^'entually overcome by^the u.se of a low-copy numlx^r 
bacterial plusmid (30*-) and, independently, by introduc- 
ing nuclcx^iide substitutions within the presumpuve un- 
stable region (31---33-*). Such coastmcts were used for 
most of the iransfection experiments discussed below. 
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Detecti on of CFTR protein 

A set of specific antibodies directed against CFTR would 
be extremely valtiable in the study of this protein. Unfor- 
tunately, cross-reactive materials of unknown nature are 
also detected by many of the antibodies directed against 
synthetic peptides or fusion proteins, even in cells that 
do not appear to express CFTR (on the basis of RNA de- 
tection). Nevertheless, with proper controls; and through 
the use of heterologous transfection systems, Gregory' et 
aL [30**J and Kartner et aL (32*»] have shown that ma- 
ture CFTR corresponds to a diffuse band of 150-170 kD 
on SDS-polyacrylamide gels. The proteins synthesized 
using full-length CFTR transcripts in vitro and in expres- 
sion s>'stems lacking glycosylation activity have a much 
faster mobiUty (130-140 kD) [30*^32"]. The diff'erence 
in mobility is, therefore, probably a result of glycosylaiion 
in the mature protein, although the apparent molecular 
weight of the unglycosyiated form is much lower than 
that predicted from the afnino add sequence. The cause 
of this aberrant mobility is unknown, but the obsen'a- 
tion appears to be common among membrane-associ- 
ated proteins. 

The problem of glycosylation has also been studied by 
Cheng et aL [33**] by expressing a number of mutant 
CFTR N'ariatioas in monkey COS-7 cells. These transfec- 
tion studies show that glycosylation is incomplete for 
a number of mutant proteins (e,g. APhe508, AIle507, 
Lys464-Met, Phe508-+Arg and Ser549^Ile). It is sug- 
gested that these mutant proteins are recognized as ab- 
normal and tlius retained in the endoplasmic reticulm, 
wliere the>' are subsec]uently degraded. The.se investiga- 
tors funher propose tl^iat tlie molecular basis of most CF 
is the absence of mature CFTR at tlie correct cellular lo- 
cjuon [33**]. This model, although appealingly .siraight- 
foi^'urd, cannot account for those mutants in which 
glycosAdation appears to be normal (e.g, Arg334-*Trp, 
bi>'55i-^Asp and Lysl250-^Met). It may be the case that 
mutant proteins do predispose slighth' different clinical 
phenot\pes de]->ending on whether glycos\'laiion is nor- 
mal or not, but all tlie mutants mentioned above appear 
\o Ix* in the severe class, irrespective of glycos\iation sui- 
tus. Moreover, it is unclc*ar if glycos\i;uion is recjuired 
for function 132-]. Therefore, the \-:ilue of the COS cell 
ininsfeciion s}'stem needs further consideration. 

Detection of cAMP-reguIated chloride 
conductance 

Two indeix'ndeni siiuJies have recenily demonsmued 
thai introduction of a CFTI^ cDNA clone into cells de- 
rived from CF patients can confer cAJvlp. inducible CI" 
|X*n"neabilir\' like that present in nomial cells and absent 
in CF cells '|31-*3h-)- 

!n one study, l^ch ci al |3h**] introduced a CFTK- 
ex pressing ck)ne into priman' and iransfomied CF :iir- 
way epithelial cells, using the v-.icciniu \irus expression 
system. Cl~ channel aciivirv', as measured by iodide flux, 



was monitored in a single cell assa)' s^'Stem in vA\\q\\ the 
iransfected cells were loaded with the halide-sensiiive d)'e 
SPQ (6-methyl-N-(3-sulfoprop>i)quinolinium). Upon in- 
duction of intracellular cAMP levels with forskolin, in- 
crease of I" flux was more rapid in ceils transfecied 
with the normal cDNA than in those transfected- with 
the variant containing the APhe508 mutation. There 
was considerable cell to cell variability in the response, 
however. Nevertheless, patch clamp measurements show 
that cAMP-induced whole cell current were significantly 
higher in cells with the normal CFTR than in those with 
the APhe508 variant. 

In the other study, Drumm et al [31**] used the ^ 
retrovirus-mediated gene transfer method to introduce 
a CFTR-expressing clone into a CF pancreatic adenocar- 
cinoma cell line. CF-PAC. Allliough clonal variation was 
also observed, a significant increase of ^-^I efflux in the 
cells containing intact CFTR was observed upon forskolin 
treatment. In addition, a substantial increase in whole 
cell current was observed only in cells expressing intact 
CFTR, whereas no increase in current was detectable in 
cells containing the control vector. The current-voltage 
relationship measured for the activated channel is indica- 
tive of a linear channel with selectivity for anions. 
Although studies described above serve to confirm the 
identity of the gene encoding CFTR and lo establish the 
necessary first step in developing gene therapy strategies 
for treating the disease, they provide no further informa- 
tion about the function of the protein. It is unclear from 
these experiments Aether the appearance of cAMP-reg- 
ulated CI "conductance in the CF epitiielial cells is a re- 
sult of tlie restoration of regulation of existing channels, 
or the introduction of new regulatable channels. An im- ^ 
portant insight into this question was provided, how- 
ever, b>' a series of transfection studies witli non-epithe- 
lial cell t\pes (IM Rommens, S Dho, CE Bc-ar, N Karmer, 
D Kennedy, JR Riordan, L-C Tsui and JK Foskett, unpub- 
lished data) 132**35'*]. 

Using tlie \'accini3 virus s\'.stem, Anderson et al 135**) 
transfected tlie CFTR gene into HeLa, Chinese ham- 
ster ov2x\^ and NIH 3T3 fibrobla.st cells, and detected 
an increa.sed anion pemieabilir}' and chloride current 
in the presence of cAMP. Similar increa.ses were not 
observed for the non-transfected control or for cells 
expressing a mutant CFTR (APhe508). Tlie cAMP-ac- 
lix-ated ci~ currents were comparable to those seen 
in epithelial cells expressing endogenous CFTR or CF 
ceils expre.ssing exogenous CFTR, Comparable obser- 
vations were made by Kartner et al 132*»] for insect 
cells (Sf9) transiently transfecied with a baculoNims con- 
sinici c<^nt:iining a full length CFFR cDNA inscn. The 
current-\'oluige relatioaship for the cAMP-induced cur- 
rent also appears to be linear, and the single chajnnel 
conductance is low (SpicoSiemens). We have demon- 
strated that it is possible to establi.sh stable mou.se fibro- 
blast (L) cell lines expre.ssing CFTR and to detect the 
.sanie cAMP-regulaied CI "channel acti\^t^^ Furthermore, 
the levels of CFTR expression and aciixit)' in the trans- 
fected L cells are highly reprcxJucible, and are compara- 
ble to tho.se ob.sen'ed in human epithelial cell lines. 
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Results from the ininsfection studies in non-epiiheliaJ 
cells strong!)' suggest, therefore, that CFTR iLsdf is a reg- 
ulated CI "channel. Altliough the formal possibilit\^ that 
CFTR merely serves to regulate latent CI "channels in 
the iransfected cells cannot be completely excluded, the 
presence of channels v.-i.±i the same properties in differ- 
ent cells types from different species argues against this 
interpretation. On the other hand, it remains to be ex- 
plained how CFTR acts as a CI " channel, especially' as the 
primary structure of CFTR is more suggestive of an active 
transporter than a channel. Can the R-domain F>crform 
the necessary magic? In addition, the current-voltage re- 
lationship measured for the CFTR channel is apparently 
linear, whereas the previous single channel data showed 
that the defecdve regulation observed in CF cells affected 
an outwardl)' rectifying CI ~ channel. It is also necessary' to 
explain a number of other abnormaliues observed in CF 
cells, such as in Na+ transport (36] and sulfation |37]. 



Perspective 

It is possible that liiost of the observed defects in CF cells 
are a result of secondary consequences. A compromise 
suggestion is that CFTR Ls a multifunctional protein, act- 
ing as a channel as well as being capable of regulating 
other cellular activities. Judging by the speed of research 
in CF nowadays, answers to these questions will proba- 
bly reach tiie press before this article leaves tlie editor s 
desk. 
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ON REQUEST 
RECONSIDERATION 

January 17, 1989 



FOR 



Appellants request us to reconsider our 
holding mailed August 17, 1988 in which we 
affirmed the examiner's decision rejecting 
claims 1, 11, 12, 17 and 18. 

At page 7 of their request, appellants state 
that there is no basis in the art of record for 
reasonably predicting that human beta-NGF 
could be produced by recombinant host cells. 
However, appellants appear to misappre- 
hend the basis for our decision. It is our 
explicit holding that the product to which 
appellants' claims are directed would have 
been expected to be the same or substantially 
the same as that of the human nerve growth 
factor isolated by Goldstein and by Walker. 
At page 180 of his article, Goldstein states, 
under "DISCUSSION" that "we have dem- 
onstrated that human placental cotyledons 
are a suitable source for the purification of 
human NGF." Likewise, at page 195 of the 
other publication item cited by the examiner. 
Walker, in the "Summary", reports "Hu- 
man B-nerve growth factor (hNGF) was 
purified from term human placenta." In the 
last six lines of the first paragraph at page 
195, Walker discloses that: 
Recently, Goldtein and coworkers (14) 
isolated and purified the biologically ac- 
tive ^ subunit of NGF from term human 
placenta. The present report confirms the 
presence of human /8-NGF (hNGF) in 
term human placenta and reports the lack 
of immonocross-reactivity between mouse 
(mNGF) and hNGF using 6 different 
antisera to mNGF. 

Beginning at page 5 of our decision, we 
pointed out that the legal principles enunci- 
ated in cases involving product-by-process 
claims are considered to be applicable here- 
in. In support thereof, we cited the decision 
in In re Brown, which clearly explains the 
basis for our holding. That is, where the 
product disclosed in the prior art reasonably 
appears to be either identical with or slightly 
different from a product claimed by an appli- 
cant, there is pragmatic justification for 
placing the burden of going forward on the 
applicant. Furthermore, at page 10 of our 
decision, after acknowledging the apparent 
conflict between our opinion and the court's 
holding in In re Wakefield, we asserted that 
our decision is consonant with the over- 
whelming weight of current patent jurispru- 
dence. Nevertheless, at page 16 of the re- 



quest for reconsideration, appellants contend 
that they can find no decisions that support 
our position. Accordingly, appellants' atten- 
tion is invited to the decisions in In re 
Thorpe, 111 F.2d 695, 227 USPQ 964 (Fed. 
Cir. 1985); In re Marosi, 710 F.2d 799, 218 
USPQ 289 (Fed. Cir. 1983); In re Fitzger^ 
aid, 619 F.2d 67, 205 USPQ 594 (CCPA 
1980); In re Wertheim, 541 F.2d 257, 191 
USPQ 90 (CCPA 1976); In re Avery, 518 
F.2d 1228, 186 USPQ 161 (CCPA 1975); //t 
re Fessman, 489 F.2d 742, 180 USPQ 324 
(CCPA 1974); and In re Luck, 476 F.2d 650, 
177 USPQ 523 (CCPA 1973) , just to name a 
few. Additionally, for appellants' conve- 
nience, we quote the following passage from 
In re Best, 195 USPQ 433-434, cited at page 
7 of our decision: 
Where, as here, the claimed and prior art 
products are identical or substantially 
identical, or are produced by identical or 
substantially identical processes, the PTO 
can require an applicant to prove that the 
prior art products do not necessarily or 
inherently possess the characteristics of 
his claimed product. See In re Ludtke,^ 
supra. Whether the rejection is based on 
'inherency' under 35 USC 102, on *prima 
facie obviousness' under 35 USC 103, 
jointly or alternatively, the burden of 
proof is the same, and its fairness is evi- 
denced by the PTO's inability to.manufac- 
ture products or to obtain and compare 
prior art products. 

[4] Having disposed of the arguments ad- 
verting to the product-by-process rationale, 
we note that, beginning at page 12 of their 
petition, appellants contend, in effect, that 
the pure form of a known substance may be 
patentable. To support their position, appel- 
lants refer to the famous "aspirin" case, 
cited at page 13 of the petition. Nonetheless, 
the mere purity of a compound, in itself, does 
not render the substance unobvious. Com- 
pare the decisions in Ex parte Hartop, 139 
USPQ 525 (Bd.App. 1962); Ex parte Steel- 
mand, 140 USPQ 189 (Bd.App. 1962); In re 
Mehta, 52 CCPA 1615, 347 F.2d 859, 146 
USPQ 284 (1965); and In re Avery, supra. 
Furthermore, with respect to the decision in 
In re Williams, cited at page 14 of the 
petition, appellants' attention is invited to 
the subsequent decision in In re Adamson, 
47 CCPA 839, 275 F.2d 952, 125 USPQ 233 
(1960), which shows that the Williams deci- 
sion resulted from the absence of relevant 
available evidence and does not represent a 
controlling rule of law. Also compare In re 
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Anthony, 56 CCPA 1443, 414 F.2d 1383, 
162 USPQ 594 (1969). 

(5J At page 1 1 of our decision, we noted 
that no objective evidence had been provided 
establishing that a method was unknown to 
those skilled in the field whereby the claimed 
material might have been synthesized. In 
response thereto, at page 6 of the petition, 
appellants complain that this improperly 
shifts the burden of proof to them and places 
them in the untenable position of having to 
prove a negative of enormous scope. We 
disagree. Rather, we are of the opinion that, 
to raise the question of nonenablement, ap- 
pellants must, at the very least, provide a 
declaration by a person having ordinary skill 
in the subject art that no method was known 
to him prior to the claimed invention where- 
by the claimed material might have been 
synthesized. In this connection, attention is 
invited to the decision in In re Collins, 59 
CCPA 1170, 462 F.2d 538, 174 USPQ 333 
(1972). It will be noted that in said decision, 
not only was an affidavit required, but the 
court agreed with the board that the submit- 
ted affidavit failed to establish that there 
was no known or obvious way to make heat 
exchangers falling within the scope of the 
appealed claims. However, in the interest of 
reducing the issues in this case, we will agree, 
arguendo, that the only methods for obtain- 
ing human nerve growth factor, other than 
that of appellants, are those disclosed by 
Goldstein and by Walker, of record. 

At page 11 of the petition, appellants 
again rely upon Breakefield as casting doubt 
on the identity of the materials reported in 
the cited references. At page 12 of said 
petition, appellants state that the Breake- 
field reference "serves as expert testimony''. 
We are then requested to provide our own 
evidence to counter the Breakefield et al. 
findings. Nevertheless, we will decline appel- 
lants' invitation. 

The reason for requiring evidence in decla- 
ration or affidavit form is to obtain the 
assurances that any statements or represen- 
tations made are correct, as provided by 35 
U.S.C. 25 and 18 U.S.C. 1001. To permit 
the Breakefield publication, coauthored by 
one of the appellants herein, to substitute for 
expert testimony would circumvent the guar- 
antees built into the statute by Congress. 
Accordingly, it is clear that we have no duty 
to offer evidence to counter the statements 
made by Breakefield. Rather, we are 
charged with the obligation of balancing all 
of the cited evidence of obviousness against 
the submitted evidence of non-obviousness. 
See the paragraph bridging pages 7 and 8 of 
our decision. In so weighing the evidence, we 
determined that the Breakefield publication 



item was inadequate to counterbalance the 
factual findings in the two publication items 
provided by the examiner. Consequently, we 
are convinced that our decision in the present 
case fully complies with the requirements of 
the statute and 37 C.F.R. 1.196(a). 

Focusing now on claims 17 and 18, we 
observe that appellants, beginning at page 17 
of their petition, again separately argue the 
patentability of human methionine beta- 
NGF. However, appellants have failed to 
respond to our finding that the protein con- 
taining the terminal methionyl group is sub- 
stantially identical in structure to that puri- 
fied by Goldstein and Walker. Since the 
decisions, such as In re Brown, of record, and 
In re Best, of record, agree that the disclo- 
sure of a substantially identical material in a 
prior art reference is sufficient to establish a 
prima facie case of obviousness and shift the 
burden of proof to appellants, we find no 
reason to arrive at a different conclusion. 

At page 21 of their request, appellants 
acknowledge that the exhibits accompanying 
said request are newly cited and have not 
been considered by the examiner. Nonethe- 
less, appellants request us to consider the 
references to economize our time. Ignoring 
the submitted publication items, appellants 
caution, will insure that said items will be 
presented in a continuing application. How- 
ever, the same reasoning might be employed 
to extend the prosecution in any application 
handled by an examiner or to dispute any 
decision rendered by this Board. Since there 
must be an end to prosecution in any particu- 
lar case, the mere possibility of further pros- 
ecution in a continuing application is insuffi- 
cient reason for us to consider the 
publications cited by appellants herein. 
Compare In re Fessman, supra. 

Although, to the extent indicated, we have 
reconsidered our decision, we decline to 
make any changes therein. 

DENIED. 



APPENDIX 

1. Human /3-NGF comprising the amino 
acid sequence ser-ser-ser-his-pro-ile-phe-his- 
arg-gly-glu-phe-ser-val-cys-asp-ser-val-ser- 
val-trp-vil-gly-asp-lys-thr-thr-ala-thr-asp-ile- 
lys-gly-lys-glu-val-met-val-leu- gly-glu-val- 
asn-ile-asn-asn-ser-val-phe-lys-gln-tyr-phe- 
phe-glu-thr-lys- cys-arg-asp-pro-asn-pro-val- 
asp-ser-gly-cys-arg-gly-ile-asp-ser-lys-his- 
trp-asn-ser-tyr-cys-thr-thr-thr-his-thr-phe- 
val-lys-ala-leu-thr-met-asp-gly-lys-gln-ala- 
ala-trp-arg-phc-ile-arg-ile-asp-thr-ala-cys- 



' 1928 

balance the 
cation items 
iquently, we 
1 the present 
airements of 
(a). 

and 18, we 
ig at page 17 
ly argue the 
onine beta- 
ve failed to 
protein con- 
group is sub- 
to that puri- 
-. Since the 
f record, and 
t the disclo- 
material in a 
0 establish a 
and shift the 
we find no 
jnclusion. 

appellants 
companying 
nd have not 
jr. Nonethe- 
consider the 
ne. Ignoring 
s, appellants 
terns will be 
:ation. How- 
be employed 
/ application 
dispute any 
. Since there 
any particu- 
further pros- 
ion is insuffi- 
^nsider the 
mts herein. 

.ted, we have 
: decline to 



1929 



Bausch & Lamb v. Barnes-Hind/Hydrocurve 



10 USPQ2d 



g the amino 
o-ile-phe-his- 
-ser-val-ser- 
-thr-asp-ile- 
gly-glu-val- 
gln-tyr-phe- 
-asn-pro-val- 
ser-lys-his- 
his-thr-phe- 
-lys-gln-ala- 
■thr-ala-cys- 



val-cys-val-leu-ser-arg-lys-ala-val-arg and 
which is free of other proteins of human 
origin. 



District Court, N.D. CaOfornia 

Bausch & Lomb Inc. v. Barnes- 
Hind/Hydrocurve Inc. 

No. C 83-20283 RPA 
Decided March 22, 1989 

PATENTS 

1. Patentability/Validity — Obviousness — 

Relevant prior art (§115.0903) 

Relevant prior art for determining obvi- 
ousness of laser-engraved soft contact lens 
invention consists primarily of patent for 
laser apparatus for cutting holes in hard 
contact lenses and patent disclosing use of 
laser to engrave plastic surface of printing 
plate, plus development of laser technology 
between 1968 and 1976. 

2. PatentabiUty/VaUdity — Obviousness — 

Combining references (§115.0905) 

Patent for laser-engraved soft contact lens 
is not obvious in view of prior patent on laser 
apparatus for fenestration of hard contact 
lenses in combination with prior patent dis- 
closing use of laser to engrave plastic surface 
of printing plate, since latter patent "taught 
away" from using process on materials suit- 
able for soft contact lenses, and since Court 
of Appeals for the Federal Circuit held, as 
law of case, that one skilled in art would not 
have construed laser fenestration teachings 
of former patent as applying to soft contact 
lenses. 

3. Patentability/Validity — Obviousness — 

Secondary considerations generally 
(§115.0907) 

Evidence of secondary considerations is 
not persuasive as to non-obviousness of pat- 
ent for laser-engraved soft contact lens, since 
evidence of copying is inconclusive, since 
need to use automatic engraving was not 
long-felt but rather arose in early 1980s as 
result of growth in sales of soft contact 
lenses, and since patented marking system 
did not bring patent holder commercial 
success. 

4. Infringement — Literal infringement 

(§120.05) 

Plaintiffs patent for laser-engraved soft 
contact lens is infringed by defendants' con- 



tact lenses, since issue of infringement in- 
volves only whether surface of defendants' 
lens surrounding laser marks is "smooth," 
since specification indicates that "smooth" 
means absence of ridges that would scratch 
eye or eyelid, and since defendants' lenses do 
not inflame or irritate wearers' eyes. 

Particular patents — General and me- 
chanical — Contact lenses 

4, 1 94,8 1 4, Fischer, McCandless and 
Hager, transparent opthalmic lens having 
engraved surface indicia, valid and 
infringed. 



On remand from the U.S. Court of Ap- 
peals for the Federal Circuit; 230 USPO 
416. 

Action by Bausch & Lomb Inc. against 
Barnes-Hind/Hydrocurve Inc. and Barnes- 
Hind International Inc., for patent infringe- 
ment. On remand from decision vacating 
judgment for defendants. Judgment for 
plaintiff". 

Laurence H. Pretty and Craig S. Summers, 
of Pretty, Schroeder, Brueggemann & 
Clark, Los Angeles, Calif.; Anne L. Enea, 
of Ferrari, Alvarez, Olsen & Ottoboni, 
San Jose, Calif., for plaintiff". 

John M. Calimafde, Paul H. Blaustein, and 
Dennis J. Mondolino, of Hopgood, Cali- 
mafde, Kalil, Blaustein & Judlowe, New 
York, N.Y.; Douglas K. Tribble, of Pills- 
bury, Madison & Sutro, San Jose, for 
defendant. 

Aguilar, J. 



FINDINGS OF FACT AND CONCLU- 
SIONS OF LA W FOLLOWING REMAND 

This patent infringement case returns to 
this Court on remand from the United States 
Court of Appeals for the Federal Circuit. 
The circuit vacated the judgment entered 
after trial as improper for the following 
reasons: 

( 1 ) this Court did not explicitly set forth in 
its Order the presumption of validity that it 
awarded the patent under 35 U.S.C. §282; 

(2) the Court did not set forth factual 
findings on the four inquiries mandated by 
Graham v. John Deere Co., 383 U.S. 1, 17 
[148 USPQ 459, 467] (1966); and 

(3) the circuit court found this Court en- 
gaged in improper claim construction. 
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Time has not shown any evidence of actual 
confusion. However, evidence of actual con- 
fusion is not necessary for establishing a 
claim of likelihood of confusion. Miles 
Shoes. Inc, v. /?.//. Macy & Co,. Inc, 199 
R2d 602, 603 [95 USPQ 170, 171-72] (2d 
Cir. 1952), cerL denied, 345 U.S. 909 [96 
USPQ 457] (1953); La Touraine Coffee Co. 
V. Lorraine Coffee Co., 157 F.2d 115, 117 
[70 USPQ 429, 431-32] (2d Cir. 1946), cert, 
denied, 329 U.S. 771 [71 USPQ 328] 
(1946). Moreover, in light of the circum- 
stances of this injunction, this is not fatal to 
Time's claim of trade dress infringement. 
Globe has published only one issue of Celeb- 
rity which was on the stands for only a short 
period of time before Time brought this 
action. Given the prior findings of likelihood 
of confusion, it is understandable that Time 
would not have been able to gather such 
information as of the start of this action, 

[4] For the reasons set forth above. Time 
has established a trade dress in the People 
cover format, the similarity of the Celebrity 
cover format, and that Globe's intentional 
imitation of Peopled cover format in an 
effort to capitalize on their reputation and 
advertising. Further, the magazines are very 
close in competitive proximity, and the 
buying habits of consumers lead to a conclu- 
sion that there is a likelihood of confusion as 
to the source of publication of Celebrity 
magazine. Each of these factors weigh in 
Time's favor. It is fair to conclude therefore, 
that there is a likelihood that the public will 
be confused and that Time has proven its 
cause of action for the infringement of its 
trade dress. 

Irreparable Injury 

[5] As indicated earlier to obtain a prelimi- 
nary injunction. Time must establish that 
Celebrity's use of its cover format will cause 
irreparable injury. Where a party seeks a 
preliminary injunction in a trademark in- 
fringement case, irreparable harm is demon- 
strated by a showing of likelihood of confu- 
sion as to the source or sponsorship of the 
magazine. Home Box Office v. Showtime/- 
The Movie Channel, 832 F.2d 131 1, at 1314 
[4 USPQ2d 1789, 1791]. Here Time has 
shown a likelihood of confusion sufficient to 
meet the showing of irreparable harm. 

Balance of the Hardships 

Globe has printed 125,000 copies of the 
1989 issue, approximately half of their regu- 
lar level of production. However, they have 
only published one issue with the new cover 
and there are numerous other cover formats 



from which they could choose a new one. 
Further, given the finding of irreparable 
harm to Time and likelihood of confusion 
among consumers, allowing Globe to contin- 
ue to use its current cover format could cause 
serious harm to Time. Therefore, the balance 
of hardships weigh in Time's favor. 

Conclusion 

Time has established a trade dress in the 
People cover format which includes the con- 
densed white lettering, and the display of the 
logo with a contrasting colored border. Globe 
has not shown that there is no likelihood of 
confusion, thus Time is likely to succeed on 
the merits of their claim of trademark in- 
fringement. Further, Time has shown that 
they will suffer irreparable harm if the in- 
junction is not granted and that the balance 
of hardships tips in their favor. Further, for 
the reasons set forth above, Time's motion 
for a preliminary injunction is granted. 

It is so ordered. 



Patent and Trademark Office 
Board of Patent Appeals and Interferences 

Ex parte Gray 

No. 88-0437 

Decided August 17, 1988, and January 17, 
1989 

Released March 14, 1989 
PATENTS 

1. Patentability/ Validity — Obviousness — 

In general (§115.0901) 

Patentability/ Validity — Obviousness — 
Relevant prior art (§115«0903) 

Patent and Trademark Office does not 
have facilities for examining and comparing 
applicants' claimed human nerve growth fac- 
tor, which is product-by-process claim, with 
prior art, and thus applicants had burden of 
persuasion to make some comparison be- 
tween materials in order to establish unex- 
pected properties for claimed factor, and 
applicants, having failed to do so, cannot 
contend on appeal that any doubt as to dif- 
ference between two materials should be 
resolved in favor of patentability, since obvi- 
ousness does not require absolute 
predictability. 

2. Patentability/ Validity — Obviousness — 

Relevant prior art (§115.0903) 
Applicant can be required to prove that 
prior art products do not necessarily or inhcr- 
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ently possess characteristics of claimed prod- 
uct, and thixs applicants, on appeal of rejec- 
tion in which issue is whether prior art factor 
is identical or patentably indistinct from that 
of material on appeal, have burden of show- 
ing that inherency is not involved. 

3. PatentabiUty/Validity — Obviousness — 

Evidence of (§115.0906) 

Mere conclusory statements in publication 
item are no more probative of non-obvious- 
ness than such statements would be in appli- 
cant's specification, and, even if such unveri- 
fied statements were to be considered as 
those of expert in art, such statements would 
be inadequate in view of lack of any factual 
supporting evidence. 

4. PatentabiUty/VaUdity — Obviousness — 

In general (§115.0901) 

Mere purity of claimed compound does 
not render substance unobvious. 

5. PatentabiUty/VaUdity — Obviousness — 

Relevant prior art (§115.0903) 

Patentability /VaUdity — Adequacy of 
disclosure (§115.12) 

Applicants whose claims for human nerve 
growth factor synthesized through use of 
recombinant DNA technology were rejected 
for obviousness must, in order to raise ques- 
tion of non-enablement of prior art, provide 
at very least declaration by person having 
ordinary skill in subject art that no method 
was known to that person prior to claimed 
invention whereby claimed material might 
have been synthesized. 



Appeal from rejection of claims (Howard 
E. Schain, primary examiner, G,D. Draper, 
examiner). 

Application for patent filed by Alane M. 
Gray and Axel Ullrich, serial no. 471,962, on 
March 3, 1983. From examiner's decision 
rejecting claims, applicants appeal. 
Affirmed. 



Max D. Hensley, San Francisco, Calif., for 
appellants. 

Before Pellman, Winters, and W. Smith, 
examiners-in-chief. 



Pellman, examiner-in-chief. 

This is an appeal from the examiner's 
decision finally rejecting claims 1, 11, 12, 13 
and 15 through 18, remaining claims 19 and 
20 having been withdrawn from consider- 
ation by the examiner. However, since, by 
amendment, claims 13, 15 and 16 were can- 
celed, the claims before us for consideration 
are 1, 11, 12, 17 and 18. 

The subject matter on appeal involves ih.e 
human nerve growth factor /3-NGF, identi- 
fied by the particular amino acid sequence 
and being free from other proteins of human 
origin (claim 1). The invention also includes 
pharmaceutical compositions containing 
said nerve factor (claims 1 1 and 1 2) and said 
human nerve factor in which the amino acid 
sequence is preceded by a methionyl group 
(claims 17), as well as a composition contain- 
ing the factor of claim 17 (claim 18). The 
particular human nerve factor of the present 
invention has been synthesized through the 
use of recombinant DNA technology and 
thus, is free from human proteins that would 
otherwise be expected to contaminate the 
composition. To describe the invention in 
greater detail and illustrate the claims on 
appeal, a copy of claim 1 is appended to this 
decision. 

For evidence of obviousness, the refer- 
ences identified below are cited by the 
examiner. 

Goldstein et al. (Goldstein) "Isolation 
of Human Nerve Growth Factor From 
Placental Tissue," Neurochemical Re- 
search i, 175-183 (1978) 

Walker et al. (Walker), "Human Nerve 
Growth Factor: Lack of Immunocross- 
reactivity with Mouse Nerve Growth Fac- 
tor," Life Sciences 26, 195-200 (1980) 
All of the claims stand rejected for being 
unpatentable (35 U.S.C. 103) in view of 
Goldstein or Walker. The examiner, at page 
2 of the answer states that; 
"Each of these prior art discloses human 
0'NGF that appears to be the same as that 
claimed wherein such was isolated from 
human placental tissue, versus the claimed 
/3-NGF that was produced by recombin- 
ant techniques." 
In the sentence bridging pages 2 and 3 of the 
answer, the examiner notes that the sequenc- 
ing of a protein does not make the protein 
different, but merely constitutes a further 
characterization of the known material. 

In response to the examiner's arguments, 
beginning at page 5 of the brief appellants 
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set forth their own arguments. Appellants 
apparently divide their argument into three 
points. The first is that the human /3-NGF of 
the references is not inherently that of appel- 
lants. Second, appellants contend that the 
reference human nerve growth factor is not 
free from other human proteins. Finally, we 
are told that the cited prior art does not teach 
or suggest methionyl N-terminal human 
i3-NGF. 

At page 6 of their brief, appellants refer to 
the publication edited by Black, Cellular 
and Molecular Biology of Neuronal Devel- 
opment, Plenum Press, New York, Chapter 
20, Breakefield et al, pages 309-328 (1984). 
Appellants refer specifically to page 310, 
wherein the author states that: 
"To establish whether patients with dy- 
sautonomia make an altered form of 
/3-NGF, it is necessary to characterize the 
human form of this protein. This has been 
difficult, and although there are a number 
of reports on preliminary identification of 
a human NGF-like molecule (Goldstein et 
aL 1978; Walker et, aL, 1980), no one has 
conclusively demonstrated its presence." 
Appellants rely upon the foregoing as evi- 
dence that the Goldstein and Walker reports, 
are merely preliminary and inconclusive. 

At page 8 of their brief, appellants focus 
on the difference in the interpretation of 
Walker by the examiner vis-a-vis that by 
appellants as to the lack of immunological 
cross-reactivity between the art human 
/3-NGF and murine /3-NGF. Appellants 
conclude that the point is not whose theory is 
right, but contend that "when legitimate 
disputes arise about polypeptide identity 
they must-in view of prior board precedent, 
be resolved in appellants' favor. Rejections 
cannot be properly maintained on "maybe" 
references." 

Beginning at page 9 of their brief, appel- 
lants raise the question of the purity of the 
claimed human /8-NGF as compared with 
that of the references. Appellants explain 
that, due to the method of preparation, their 
nerve growth factor is free from any other 
human proteins. At page 10 of the brief, 
appellants query "why would the art be moti- 
vated to attempt to further purify human 
"/3-NGF' beyond the level reported by 
Goldstein et al and Walker et all If so 
motivated, does the art reasonably teach one 
of ordinary skill how to do so?" 

In connection with the foregoing, at page 
10 of the brief, appellants suggest that even 
if art were applied showing recombinant 



methods for synthesizing proteins, it would 
be clear from their discussion that more than 
a conventional recombinant method was in- 
volved in the preparation of the claimed 
human nerve growth factor. 

At page 1 1 of their brief, appellants dis- 
cuss the methionyl N-terminal human nerve 
growth factor. We are informed that "no 
reference of record teaches any reason for 
wanting to make methionyl /S-NGF, and no 
reference teaches how to do so even if that 
was an objective. With regard to the thera- 
peutic formulation of claim 18, there is no 
teaching or suggestion as to what sort of 
biological activity to reasonably expect from 
the methionyl N-terminal variant." 

Although due consideration has been giv- 
en to the opposing arguments and supporting 
evidence of appellants and of the examiner, 
we are unpersuaded of reversible error in the 
examiner's rejection, which will be 
sustained. 

While the present claims are drafted in the 
form of a compound or a composition, the 
rationale underlying appellants' arguments 
is founded on the proposition that the claims 
are directed to a product-by-process. In any 
event, we are convinced that the legal philos- 
ophy employed in rejections involving prod- 
ucts-by-process should be employed with re- 
spect to the claims before us. That is, insofar 
as we can observe, the difference between the 
material of Goldstein and of Walker and 
that claimed by appellants herein resides in 
the method of obtaining the human growth 
factor. The prior art material is recovered 
from natural sources and purified, while ap- 
pellants' is produced by recombinant DNA 
methodology. However, the dispositive issue 
before us is whether the claimed factor ex- 
hibits any unexpected properties compared 
with that described by the cited publication 
items. 

To answer the foregoing question, we turn 
to the decision in In re Brown, 59 CCPA 
1036, 459 F.2d 531, 173 USPQ 685 (1972) 
wherein, at 59 CCPA 1041, Judge Baldwin, 
delivering the court's opinion, explains: 
"We are therefore of the opinion that 
when the prior art discloses a product 
which reasonably appears to be either 
identical with or only slightly different 
than a product claimed in a product-by- 
process claim, a rejection based alterna- 
tively on either section 102 or section 103 
of the statute is eminently fair and accept- 
able. As a practical matter, the Patent 
Office is not equipped to manufacture 
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products by the myriad of processes put 
before it and then obtain prior art prod- 
ucts and make physical comparisons 
therewith." 

{IJ Consistent with the court's holding, we 
find that, in the present case, the Office does 
not have the facilities for examining and 
comparing appellants' growth factor with 
that disclosed by Walker and by Goldstein. 
It is therefore entirely proper that appellants 
should have shouldered their burden of per- 
suasion and made some comparison between 
the two materials to establish unexpected 
properties for the claimed factor. Having 
failed to do so, appellants are in a poor 
position now to contend that any doubt as to 
the difference between the two materials 
should be resolved in favor of patentability. 
Appellants do not inform us of the legal basis 
for their conclusion that this Board has held 
that doubt should be resolved in favor of an 
applicant and we are aware of no such recent 
decision. On the other hand, our reviewing 
tribunal, the United States Court of Cus- 
toms and Patent Appeals in In re Mixon, 59 
CCPA 1996, 470 F.2d 1374, 176 USPQ 296 
(1973), responsive to Chief Judge Worley's 
discussion of the "rule of doubt". Judges 
Rich, Almond, Baldwin and Lane, in their 
concurring opinion state: 
"Since we have not been following any 
'rule of doubt' policy and since that ques- 
tion is not involved in the present case we 
do not agree with the additional comments 
of the author." 
In fact, rather than resolving doubt in favor 
of the applicant, the court has often held that 
obviousness does not require absolute predic- 
tability. See the decisions in In re Merck and 
Company, Inc., 800 F.2d 1091, 231 USPQ 
375 (Fed. Gir. 1986) and InreLamberti, 545 
F,2d 747, 192 USPQ 278 (CCPA 1976). 

[2] At page 5 of their brief, appellants 
contend that human jS-NGF, as described by 
Walker or Goldstein, is not "inherently" that 
of appellant. However, this has not been 
established. Appellants' attention is invited 
to the decision in In re Best, 562 F.2d 1252 
195 USPQ 430 (CCPA 1977), wherein the 
court held that the PTO can require an 
applicant to prove that the prior art products 
do not necessarily or inherently possess the 
characteristics of his claimed product. Ac- 
cordingly, since the issue in the present ap- 
peal is whether the prior art factor is identi- 
cal or patentably indistinct from that of the 
material on appeal, appellants have the bur- 
den of showing that inherency is not 
involved. 



(3) Following the court's guidance in In re 
Johnson. 747 F.2d 1456, 223 USPQ 1260 
(Fed. Cir. 1984), we have weighed the exam- 
iner's evidence of obviousness against appel- 
lants' countervailing evidence to determine 
whether the claims are patentable notwith- 
standing the references of record. It appears 
that appellants rely heavily upon the publica- 
tion item by Breakefield, particularly pages 
310 and 311. We are well aware that the 
author dismisses the "preliminary identifica- 
tion of a human )8-NGF-like molecule" by 
Goldstein and Walker and concludes that no 
one has conclusively demonstrated its pres- 
ence. Nevertheless, we do not interpret the 
subjective statement by Breakefield as ade- 
quate to overcome the specific findings re- 
ported by Goldstein and Walker. Mere con- 
clusory statements in a publication item are 
no more probative of nonobviousness than 
would be said statements in appellants' speci- 
fication. Compare In re D'Ancicco, 59 
CCPA 748, 452 F.2d 1060, 172 USPQ 241 
(1972). Moreover, even if we were to consid- 
er the unverified statements in the publica- 
tion article as those of an expert in the art, 
the statements would be inadequate because 
of the lack of factual supporting evidence. 
Compare In re Grunweli 609 F.2d 486, 203 
USPQ 1055 (CCPA 1979). 

The present situation is somewhat similar 
to that confronting the court in Scripps Clin- 
ic & Research Foundation v. Genentech Inc 

F.Supp . , 3 USPQ2d 1481 

(DC NCalif 1987) wherein human blood- 
clotting factor VIII:C was involved. At page 
3 USPQ2d 1487, the court points out that: 
Scripps also alleges infringement of prod- 
uct claims 24 through 29 covering concen- 
trated preparations of "human Factor 
VIII:C. 

According to Scripps, these claims cover 
preparations, in the specified ranges of 
purity and potency, of Factor VIII:C with 
the functional and structural characteris- 
tics of the protein as it occurs naturally in 
humans.* Genentech, on the other hand, 
argues that Scripps' claims are limited to 
Factor VIII:C derived from human blood 
plasma. The issue posed is whether the 
asserted product claims must be interpret- 
ed to apply solely to concentrates of Factor 
VIII:C derived directly from human blood 
plasma or whether they extend also to 
other concentrates of Factor VlllrC hav- 
ing the same characteristics as those de- 
rived from human blood plasma. 
In the paragraph bridging pages 
1488-1489. the court explains that: 
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"the excerpts quoted by Genentech from 
deposition testimony of Drs. Katzmann 
and Zimmerman, Scripps' experts, that 
.'human' means 'obtained from human 
blood', are not probative on the issue of 
interpreting the claims. Dr. Katzmann's 
answer related to Factor V, not Factor 
VIII, and Dr. Zimmerman's answer did 
not purport to give an interpretation of the 
particular claim language. Human factor 
VIII:C as claimed in the patent therefore 
applies to any Factor VIII:C preparation, 
regardless of how produced, having the 
same material structural and functional 
characteristics as the plasma-derived 
preparation." 

We are convinced that our decision herein 
is completely consistent with and supported 
by the above-noted holding of the District 
court in Northern California. 

In the interest of completeness, we call 
attention to two other decisions that appear 
relevant to our present holding. The first of 
these is In re Bergstrom,' 57 CCPA 1240, 
427 F.2d 1394, 166 USPQ 256 (1970), in- 
volving a rejection of certain pure prosta- 
glandin compounds for not being novel in 
light of the material from which it was ex- 
tracted. At page 57 CCPA 1250, the court 
held as follows: 
**We need not decide the merits of that 
matter, for the fundamental error in the 
board's position, as we see it, is the analy- 
sis and answer it gave to the sole issue it 
accurately posed — 'whether the claimed 
pure materials are novel as compared with 
the less pure materials of the reference.' 
[emphasis supplied.] It seems to us that 
the answer to that question is self-evident: 
by definition, pure materials necessarily 
differ are the only ones existing and avail- 
able as a standard of reference, as seems to 
be the situation here, perforce the 'pure' 
materials are 'new' with respect to them." 
The other decision relevant to the facts 
before us, is In re Wakefield. SI CCPA 959, 
422 F.2d 897, 164 USPQ 636 (1970). In the 
Wakefield case, the claimed subject matter 
was synthetic rubber, while the prior art 
showed the corresponding naturally occur- 
ring product. At page 57 CCPA 966, Judge 
Lane, speaking for the court, disagreed with 
the board that the word "synthetic" as used 
in the claims would be applicable to purified 
natural product. In delivering the court's 
opinion. Judge Lane held that: 

"we now turn to the examiner's view 
adopted by the Board, that the synthetic 



' Cited by the court in footnote 6 in the Scripps 
Clinic decision. 



product is so similar to the natural prod- 
uct, purified to the extent allegedly shown 
in Davis, as to be ""prima facie obvious'. 
We would agree with this conclusion as a 
tentative one based on similarity of struc- 
ture and gross characteristics. However, 
such tentative conclusions of obviousness 
are rebutted in those instances where there 
was, at the time the invention was made, 
no known or obvious method of making 
the claimed composition, or where the 
claimed composition is found to possess 
unexpected characteristics. At least the 
first situation is present in the case before 
us, since it cannot be said that a method of 
making the claimed synthetic product 
would be known or obvious from Davis." 
Although we acknowledge that our hold- 
ing in the present case appears to be in 
conflict with the court's limited holding in 
the Wakefield appeal, we are convinced that 
our decision is consonant with the over- 
whelming weight of current patent jurispru- 
dence involving questions of the type posed 
by appellants. Moreover, we point out that 
no objective evidence has been provided es- 
tablishing that no method was known to 
those skilled in this field whereby the 
claimed material might have been synthe- 
sized. Therefore, although we have weighed 
all of the evidence and legal authorities, both 
pro and con, concerning the patentability of 
the claims on appeal, we find that the evi- 
dence and the weight of legal authority com- 
pels an affirmance of the examiner's 
rejection. 

With respect to claims 17 and 18, the mere 
presence of a single methionyl moiety in a 
sequence of over 100 amino acids would not 
have been expected to alter the properties of 
the compound in a significant respect, in the 
absence of evidence to the contrary. It is our 
view that a minor inactive substituent on an 
otherwise unpatentable complex compound 
will not necessarily impart patentability to 
said compound. Thus, since we find claims 
17 and 18 to be directed to an unpatentable 
modification of the compound to which the 
remaining claims are directed, these claims 
are held to be properly rejected for the same 
reasons as claims 1, 11 and 12. 

For the reasons expressed above and those 
set forth in the answer, the examiner's deci- 
sion rejecting claims 1, 11, 12, 17 and 18 is 
affirmed. 

37 CFR 1.136(a) does not apply to the 
times for taking any subsequent action in 
connection with this appeal. 

AFFIRMED, 
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awarded in the Court's discretion between 
$250.00 and $10,000.00 for each musical com- 
position infringed. Plaintiffs argue that this 
was a willful violation of the copyright laws 
since plaintiffs put defendants on notice of the 
infringement, and defendants have refused to 
purchase a license. Plaintiffs suggest that the 
Court award $1,500 per infringement in this 
case, based upon the fact that if the defendants 
would have purchased the proper license, they 
would have paid $5,072.50 to plaintiffs as of 
December 1985. Plaintiffs argue that an 
award of $1 ,500 per infringement would serve 
as a deterrent to further infringements by not 
making it more financially prudent to fail to 
pay the license fee and then have a lesser 
amount of damages awarded in a copyright 
infringement action. 

After a complete review of the record, this 
Court is of the opinion that plaintiffs shall be 
awarded $1,000.00 for each infringement, for 
a total amount of $7,000.00. As stated earlier, 
the defendants shall be jointly and severally 
liable for said statutory damages. 

Finally, plaintiffs have requested an award 
of costs and attorneys* fees for the prosecution 
of this action. 17 U.S.C. §505 clearly allows 
that the Court may allow the recovery of full 
costs by any party and the Court may also 
allow reasonable attorneys' fees to the prevail- 
ing party as costs. This court is of the opinion 
that plaintiffs are entitled to costs and reason- 
able attorneys' fees in this action. Before the 
Court makes a final determination as to actual 
amount of costs and attorneys' fees, the Court 
will order that the plaintiffs' counsel file an 
affidavit showing the time expended by coun- 
sel in this matter and the costs incurred in 
prosecuting this action. 

The Court being so advised, IT IS NOW 
ORDERED HEREIN AS FOLLOWS: 

1. Motion of plaintiffs for summary judg- 
ment is hereby GRANTED. 

2. Plaintiffs shall have fifteen (15) days 
from the date of entry of this order to FILE an 
affidavit showing the time expended by coun- 
sel in this matter and the costs incurred. De- 
fendants shall then have fifteen (15) days 
thereafter to FILE any type of response con- 
cerning the reasonableness of the requests for 
attorneys' fees. 

3. This action is hereby DISMISSED and 
STRICKEN from the docket of this Court. 

4. A separate Judgment and Order shall be 
entered in accordance with this Memorandum 
Opinion and Order. 
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PATENTS 

1. Specification 
sure (§62.7) 

Impossibility of determining, from reading 
of specification and record, number of mutant 
strains of original S, typhi and hyperconjugant 
strains of genetically engineered hybrid that 
are originally formed in each experiment, nor 
what amount of time, effort, and level of skill is 
needed to isolate single strains which can then 
be cloned to yield useful vaccines, supports 
conclusion that practice of invention would 
require undue experimentation. 

Particular Patents — Vaccine 

Forman, Baron, and Kopecko, application 
No. 289,013, Oral Vaccine for Immunization 
Against Enteric Disease, rejection of claims 
1-33 affirmed. 



Appeal from Art Unit 127, 

Application for patent of Samuel B. For- 
man, Louis S. Baron, and Dennis J. Kopecko, 
application, Serial No. 289,013, filed July 31, 
1981, for Oral Vaccine for Immunization 
Against Enteric Disease. From decision reject- 
ing claims 1-33, applicants appeal. Affirmed. 

William G. Gapcynski, Werten F.W. Bella- 
my, Francis A. Cooch and John H. Rau- 
bitschek, all of Washington, D.C., for 
appellants. 

Before Serota, Milestone, and Goldstein, Ex- 
aminers-in-Chief. 

Goldstein, Examiner-in-Chief. 

This appeal is from the examiner's final 
rejection of claims 1 to 33. Claims 34 to 40 
have been allowed. Illustrative rejected claim 1 
and allowed claim 34 are reproduced below. 
1 . A living attenuated oral vaccine, for the 
immunization against enteric disease, com- 
prising as the active component an effective 
dose of a genetic hybrid derivative of an 
attenuated galactose epimeraseless mutant 
strain of S. typhi and at least one non- 
typhoid protective antigen carried thereby. 
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or a mixture of said genetic hybrid 
derivatives. 

34, A genetic hybrid derivative, having 
deposit accession number ATTC 31904, of 
an attenuated galactose epimeraseless mu- 
tant strain of S. typhi and a non-typhoid 
protective antigen carried thereby, wherein 
the non-typhoid protection antigen is the 
form I antigen of Shigella sonnei and the 
genetic hybrid derivative strain expresses 
both S. typhi and S. sonnei antigens. 
No references have been relied on by the 
examiner on appeal. References incorporated 
into the disclosure of the present specification 
by appellants are: 

Gcrmanier 3,856,935 Dec. 24, 1972 

Kopccko, D.J. ct al. (Kopecko). Infect. Immun, 29:207-214, 1980. 

Claims 1 to 33 have been finally rejected 
under the first paragraph of 35 U.S.C. 112 as 
being based on an insufficiently enabling dis- 
closure. We shall affirm this rejection. 

Appellants' claimed invention is a class of 
oral vaccines consisting of hybrid bacteria 
which have been genetically engineered (speci- 
fication, page 6, ultimate line) to produce an 
immunizing effect against both the bacterial 
antigen (typhoid) and one other non-typhoid 
enteric disease. A commercially available Sal- 
monella typhi strain is converted into strepto- 
mycin resistant mutants by mutagenesis 
(specification, page 9, penultimate para- 
graph). The antigen for the non-typhoid dis- 
ease is disclosed as being introduced into the 
mutated S. typhi strain through a variety of 
techniques utilizing both plasmid-borne genet- 
ic determinants and bacterial chromosomes 
(specification, page 6, last sentence of first 
paragraph). There is, however, no discussion 
in any detail whatever as to anything but the 
plasmid-borne embodiment. This embodiment 
involves introduction of the plasmid-borne 
antigen of the non-typhoid disease from a 
variety of mutant strains of enteric bacteria, 
such as, for example. Shigella, through a tech- 
nique known as transconjugation (see para- 
graph bridging pages 7 and 8 of the specifica- 
tion, for example). 

The basis of the examiner's rejection ap- 
pears to be generally two-fold. It appears to be 
the examiner's position that, in the absence of 
a deposit, one of ordinary skill in the relevant 
art would not be able to obtain the specific S. 
typhi mutant apparently essential to appel- 
lants' invention. See specification page 20, 
lines 11-14. It also appears to be the examin- 
er's position that the hyperconjugation proce- 
dure is not sufficiently well known and 
straightforward so that one of ordinary skill in 
this art could predict the results with an ade- 
quate degree of certainty based on only the 
record before her to justify the allowance of 
generic claims as opposed to those claims based 



on available, deposited, specific strains. For 
the reasons which we shall elaborate below, 
we conclude that on the record before us the 
examiner's position is correct. 

The ultimate question in each case of this 
type is whether or not the specification con- 
tains a sufficiently explicit disclosure to enable 
one having ordinary skill in the relevant field 
to practice the invention claimed therein with- 
out the exercise of undue experimentation. 
The requirement for enablement can be found 
expressly stated in the first paragraph of 3S , 
U.S.C. 112, which requires that the disclosure 
of an invention be "in such full, clear, concise 
and exact terms as to enable any person skilled 
in the art to which it pertains, or with which it 
is most nearly connected, to make and use the 
same . . . The "undue experimentation" 
proscription is, in effect, a gloss on the statute 
which has arisen from decisional law which 
requires that sufficient information be given in 
the application so that one of ordinary skill in 
the art can practice it without the necessity for 
undue experimentation: Fields v. Conover, 58 
CCPA 1366, 443 F,2d 1386, 170 USPQ 276 
(1971); In re Colianni, 561 F.2d 220, 195 
USPQ 150 (CCPA 1977). Also see Ansul Co. 
V. Uniroyal, Inc., 448 F.2d 872, 169 USPQ 
759 (2d. Cir. 1971), cert, denied, 404 U.S. 
1018, 172 USPQ 257 (1972). The principle 
that the disclosure of a patent application must 
enable practice of the invention claimed with- 
out undue experimentation was well estab- 
lished long before the enactment of the 1952 
Patent Act. See Standard Brands, Inc. v. Na- 
tional Grain Yeast Corp., 101 F.2d 814, 40 
USPQ 318 (3rd Cir. 1939), and cases cited 
therein. 

The determination of what constitutes un- 
due experimentation in a given case requires 
the application of a standard of reasonable- 
ness, having due regard for the nature of the 
invention and the state of the art: Ansul Co. v. 
Uniroyal, Inc., supra. The test is not merely 
quantitative, since a considerable amount of 
experimentation is permissible, if it is merely 
routine, or if the specification in question 
provides a reasonable amount of guidance with 
respect to the direction in which the experi- 
mentation should proceed to enable the deter- 
mination of how to practice a desired embodi- 
ment of the invention claimed. The factors to 
be considered have been summarized as the 
quantity of experimentation necessary, the 
amount of direction or guidance presented, the 
presence or absence of working examples, the 
nature of the invention, the state of the prior 
art, the relative skill of those in that art, the 
predictability or unpredictability of the art and 
the breadth of the claims. In re Rainer, 52 
CCPA 1593, 347 F.2d 574, 146 USPQ 218 
(1965); In re Colianni, supra. 
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The examiner in this case has relief on the 
published decision in Ex parte Jackson, 217 
USPQ 804 (PTO Bd. App. 1982), as support- 
ing her position. Appellants on the other hand 
have pointed out the distinction that the issue 
in the Jackson case was the undue experimen- 
tation involved in finding additional strains 
over and above the defX)sited cultures in na- 
ture, whereas here the relevant hybrid bacte- 
rial strains are produced by genetic engineer- 
ing by processes which at least begin with 
available bacterial strains. Although we recog- 
nize the distinction noted by appellants, we 
find that there is insufficient evidence of record 
in the present case to suggest that the burden of 
experimentation on one of ordinary skill in the 
relevant art would be any less in this case. 

[1] We recognize that the level of skill in the 
art of molecular biology is quite high. None- 
theless, we also recognize the correctness of the 
examiner's position that experiments in genet- 
ic engineering produce, at best, unpredictable 
results. From a reading of appellants' specifi- 
cation and the Kopecko article of record,* it is 
impossible to determine how many mutant 
strains of the original S. typhi and hyperconju- 
gant strains of the genetically engineered hy- 
brid are originally formed in each experiment 
and how much time and effort and what level 
of skill must be exercised to isolate the single 
strains which are then cloned to yield the 
useful vaccines. If there are any known dues to 
assist one of ordinary skill in predicting which 
of the myriad strains that are presumably 
produced would be useful, there is nothing on 
the present record to suggest what they might 
be. We note that appellants have acknowl- 
edged (Paper No. 6, top of page 12) that **the 
genetic techniques involved are very time con- 
suming" and that it is anticipated that it "will 
take about one year to construct" most strains 
according to this invention. It is readily appar- 
ent from our above discussion of the relevant 
law that time is not the sole criterion. How- 
ever, in the present case there is also a lack of 
guidance leading to predictability as discussed 
in the immediately preceding portion of this 
opinion. The art under consideration appears 
to be relatively undeveloped. There do not 
appear to be any apparently precisely repro- 
ducible working examples, and most of the 
claims are broad in scope. Consideration of all 
of these factors leads to the conclusion that 
practice of the rejected claims would require 



* The additional literature citation (Hayes) and 
the Kopecko declaration under 37 CFR 1.132, to 
which it was attached, were considered untimely 
filed by the examiner and thus are not part of the 
record considered by us. 



undue experimentation. In re Rainer, supra; 
In re Colianni, supra. 

As we have noted above, there does not 
appear to be on the present record, even in- 
cluding the Kopecko article, a single detailed 
example which could be followed by another 
worker in another lab to obtain a single specif- 
ic microorganism (vaccine) within appellants' 
claims, without recourse to the deposited 
strains recited in the allowed claims. Appel- 
lants have requested that we indicate what 
microorganism deposits and supporting docu- 
mentation would be required to result in the 
allowance of broader claims (see Reply to the 
Supplemental Examiner's Answer, Paper No. 
20). Whether or not it would be proper for us 
to make such a determination in any event, it 
should be clear from our above discussion of 
the present record that we find it inadequate to 
enable us to respond even speculatively to 
appellants' request. 

The decision of the examiner is affirmed. 

AFFIRMED 



ON REQUEST FOR 
RECONSIDERATION 

This is a request for reconsideration of our 
decision of February 5, 1986, wherein we 
affirmed the examiner's rejection of claims 1 to 
33. 

We have carefully considered the arguments 
advanced by appellants but find nothing there- 
in to convince us that the decision was in error. 
We have carefully considered particularly the 
section of the specification bridging pages 8 
and 9, to which appellants referred in the 
request for reconsideration. 

We note that construction of the donor 
strain involved four consecutive mating or 
transconjugation procedures. This procedure 
broadly may be well known, but there is 
nothing in evidence to indicate how complex 
the results might be in this particular case. 
Selection was required after each consecutive 
procedure, and there is no indication as to the 
frequency of the desired transfer in a cell 
population from which one could judge how 
much trial' and error was involved in the 
selection. 

We believe the examiner's characterization 
and ours of the procedures disclosed as being 
unpredictable was correct on this record. Ap- 
pellants have added nothing to the record to 
convince us to the contrary but merely repeat- 
ed arguments similar to those already present- 
ed before the examiner. There is no evidence 
properly before us to establish that one of 
ordinary skill in this art has actually been able 
to produce additional species representative of 
any of the claims broader than those allowed 



230 USPQ 
iner, supra; 

re does not 
rd, even in- 
igle detailed 
. by another 
ingle specif- 
i appellants' 
e deposited 
ims. Appel- 
dicate what 
orting docu- 
^esult in the 
Reply to the 
Paper No. 
•roper for us 
any event, it 
liscussion of 
ladequate to 
:ulatively to 

; affirmed. 



R 

3N 

ation of our 
wherein we 
»f claims 1 to 

e arguments 
tthing there- 
.vas in error, 
ticularly the 
ing pages 8 
rred in the 

the donor 
mating or 
s procedure 
)ut there is 
ow complex 
ticular case, 
consecutive 
ion as to the 
;r in a cell 
I judge how 
Ived in the 

•acierization 
sed as being 
record. Ap- 
le record to 
rrely repeat- 
idy present- 
no evidence 
that one of 
ily been able 
esentative of 
lose allowed 



230 USPQ 



Kraft, Inc. v. Country Club Food Industries, Inc. 



549 



by the examiner. We emphasize that the decla- 
ration of Dennis J. Kopecko, filed under 37 
C.F.R. 1.132, was refused consideration by the 
examiner as being untimely. Thus, it is not 
before us, and it would be inappropriate for us 
even to speculate upon its potential probative 
value. 

It should be emphasized that the absence of 
a working example was not in itself stated to 
cause the specification to be insufficiently en- 
abling. It was mentioned merely as one of the 
factors set forth in In re Rainer, 52 CCPA 
1593, 347 F.2d 574, 146 USPQ 218 (1965), 
and In re Colianni, 561 F.2d 220, 195 USPQ 
150 (CCPA 1977). Since there appears to be 
no direct control over the various mating and 
transconjugation procedures set forth in the 
specification (see also those pages following 
page 9, where additional selection is indicated) 
it may, in fact, be impossible to present an 
exactly reproducible working example in cases 
of this type. If true, however, this fact would 
merely further emphasize the requirement for 
appropriate deposits of useful organisms to 
enable the reasonably ready practice of inven- 
tions of this type. 

The request has been considered but is 
denied with respect to making any change in 
our decision, 

DENIED 



Patent and Trademark Office 
Trademark Trial and Appeal Board 

Kraft, Inc. v. 
Country Club Food Industries, Inc. 

Decided May 27, 1986 
TRADEMARKS 

1. Class of goods — Particular cases — 

Similar (§67.2073) 

Identity and similarity — Words — Simi- 
lar (§67.4117) 

Use of "Philadelphia's Famous Cheese- 
cake" for cheesecake, and "Philadelphia 
Brand," or "Philly," for cream cheese, is likely 
to cause confusion. 

2. Class of goods — How determined — In 

general (§67.2031) 

"Philadelphia Brand," is so well known, in 
view of its use and promotion for over 100 
years in connection with cream cheese, that 
purchasers assume common source when such 
mark is applied to goods that may not be so 
closely related that purchasers would other- 



wise ordinarily assume that they came from 
same source. 



Trademark cancellation No. 13,549, by 
Kraft, Inc., against Country Club Food Indus- 
tries, Inc., registration No. 1,200,046, issued 
June 29, 1982. Petition granted. 

Nims, Howes, CoUison & Isner, New York, 
N.Y., for Kraft, Inc. 

Caesar, Rivise, Bernstein & Cohen, Ltd., " 
Philadelphia, Pa., for Country Club Food 
Industries, Inc. 

Before Rice, Allen, and Cissel, Members. 

Cissel, Member. 

Country Club Food Industries, Inc. regis- 
tered the mark shown below on the Supple- 
mental Register for "cheesecake for consump- 
tion on or oflf the premises." ' Kraft, Inc. 
brought this action to cancel the registra- 
tion.^The grounds set forth in the Petition for 
Cancellation are that petitioner has prior use 
and incontestable registrations of "PHILA- 
DELPHIA BRAND", in this form,^ and 
"PHILLY" * for cream cheese, and that reg- 
istrant's mark, as applied to registrant's goods, 
so resembles petitioner's marks, as they are 
used with petitioner's goods, the confusion is 
likely. Petitioner also alleged that at the time 
of registrant's filing the application which 
matured into the registration which petitioner 
seeks to cancel, registrant was not entitled to 
register its mark because it was not in compli- 
ance with the Federal Food, Drug and Cos- 
metic Act, 21 U.S.C. Sections 301, 321-392. 
No proof of this allegation was offered, how- 
ever, and this point was not argued, so we treat 
it as conceded by petitioner. 



'Reg. No. 1,200,046 issued June 29, 1982, 
based on an application filed July 31, 1978, claiming 
first use on July 7, 1978. 

^ Petition for Cancellation filed September 29, 
1982. 

^ Reg. No, 392, 212, now owned by petitioner, 
issued December 16, 1941, was republished under 
Section 12(c) of the 1946 Act. Affidavits under 
Section 8 and Section 1 5 were accepted and received. 
The registration has been renewed twice, most re- 
cently on December 16, 1981. 

^ Reg. No. 777,517, now owned by petitioner, 
issued September 22, 1964. Combined affidavit un- 
der Sections 8 and 1 5 accepted. Renewed on Septem- 
ber 22, 1984. 
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of Law will be entered on the same date 
herewith. 

ORDER AND JUDGMENT 

In accordance with the Findings of Fact 
and Conclusions of Law entered on the same 
date herewith, 

IT IS HEREBY ORDERED AND AD- 
JUDGED, as follows: 

1. The Nolan patent (No. 4,506,189), is- 
sued on March 19, 1985, is a valid patent. 

2. By the manufacture, production, sale 
and distribution of its SAF-T-COTE fluores- 
cent lamp, Trojan has infringed the Nolan 
patent. 

3. By virtue of this infringement, Shat-R- 
Shield is entitled to injunctive relief. Trojan 
shall immediately cease and desist from the 
manufacture, production, sale and distribu- 
tion of the SAF-T-COTE fluorescent lamp. 

4. Trojan shall recall all the SAF-T-COTE 
fluorescent lamps sold to and still in the 
possession of its customers. 

5. The Court having determined that Tro- 
jan's infringement was not willful and wan- 
ton, Shat-R-Shield is not entitled to treble 
damages. 

6. Shat-R-Shicid shall have no accounimg 
for monetary damages. 

7. The Court having found that this is not 
an exceptional case, Shat-R-ShicId is not 
entitled to its attorney's fees. 

8. All claims having been resolved as to all 
parties herein, this action is now DIS- 
MISSED and STRICKEN from the docket. 

9 There being no just reason for delay, 
this is a FINAL and APPEALABLE Order 
and Judgment. 



Court of Appeals, Federal Circuit 

In re Wands 
No. 87-1454 
Decided September 30, 1988 

PATENTS 

1. Patentability/Validity — Adequacy of 
disclosure (§115.12) 

Data disclosed in application for immuno- 
assay method patent, which shows that appli- 
cants screened nine of 143 cell lines devel- 
oped for production of antibody necessary to 
practice invention, stored remainder of said 
cell lines, and found that four out of nine cell 
lines screened produced antibody falling 
within limitation of claims, were erroneously 



interpreted by Board of Patent Appeals and 
Interferences as failing to meet disclosure 
requirements of 35 USC 112, since board's 
characterization of stored cell lines as "fail- 
ures" demonstrating unreliability of appii- 
cants' methods was improper in view of fact 
that such unscreened cell lines prove nothing 
concerning probability of success of person 
skilled in art attempting to obtain requisite 
antibodies using applicants' methods. 

2. Patentability/Validity — Adequacy of 
disclosure (§115.12) 
Disclosure in application for immunoassay- 
method patent does not fail to meet enable- 
ment requirement of 35 USC 1 12 by requir- 
ing "undue experimentation," even though 
production of monoclonal antibodies neces- 
sary to practice invention first requires pro- 
duction and screening of numerous antibody 
producing cells or "hybridomas," since prac- 
titioners of art are prepared to screen nega- 
tive hybridomas in order to find those that 
produce desired antibodies, since in mono- 
clonal antibody art one "experiment" is not 
simply screening of one hybridoma but rath- 
er is entire attempt to make desired anti- 
bodv, and since record indicates that amount 
of effort needed to obtain desired antibodies 
is not excessive, in view of applicants' success 
in each attempt to produce antibody that 
satisfied all claim limitations. 



Appeal from decision of Patent and Trade- 
mark Ollice, Board of Patent Appeals and 
Interferences. 

Application for patent of Jack R. Wands, 
Vincent R. Zurawski, Jr., and Hubert J. P. 
Schocmakcr, serial number 188,735. From 
decision of Board of Patent Appeals and 
Interferences aftirming rejection of applica- 
tion, applicants appeal. Reversed; Newman, 
J., concurring in part and dissenting in part 
in separate opinion, 

Jorge A. Goldstein, of Saidman, Sterne, 
Kcsslcr & Goldstein (Henry N. Wixon, 
with them on brieO, Washington, D.C., 
for apfjcllant, 

John H. Raubitschek, associate solicitor (Jo- 
seph F. Nakamura and Fred E. McKel- 
vey, with him on brieQ. PTO, for appellee. 

Before Smith, Newman, and Bissell, circuit 
judges. 
Smithy J. 

This appeal is from the decision of the 
Patent and Trademark Oflice (PTO) Board 
of Patent Appeals and Interferences (board) 
affirming the rejection of all remaining 
claims in appellant's application for a patent, 
serial No. 188,735, entitled "Immunoassay 
Utilizing Monoclonal High Affmity IgM 
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Antibodies;' which was filed September 19, 
1980.' The rejection under 35 U.S.C. §112. 
first paragraph, is based on the grounds that 
appellant's written specification would not 
enable a person skilled in the art to make the 
monoclonal antibodies that are needed to 
practice the claimed invention without un- 
due experimentation. We reverse. 

I. Issue 

The only issue on appeal is whether the 
board erred, as a matter of law, by sustaining 
the examiner's rejection for lack of enable- 
ment under 35 U.S.C. §112, first paragraph, 
of all remaining claims in appellants' patent 
application, serial No. 188,735. 

II. Background 



A. The An. 

The claimed invention involves immuno- 
assav methods for the detection of hepatitis 
B surface antigen by using high-affinity 
monoclonal antibodies of the IgM isotype. 
Amihodies arc a class of proteins {immunog- 
lobulins) that help defend the body against 
invaders such as viruses and bacteria. An 
aniib^xlv has the potential to bind tightly to 
another' molecule, which molecule is called 
an aniiizen. The body has the ability to make 
millions of diiVcrent antibodies that bind to 
ditfcreni antigens. However, it is only after 
exposure of an antigen that a complicated 
immune response leads to the production of 
antibodies against that antigen. For exam- 
ple, on the surface of hepatitis B virus parti- 
cles there is a large protein called hepaiiiis B 
surface antigen (HBsAg). As its name im- 
plies, it is capable of serving as an antigen. 
During a hepatitis B infection (or when puri- 
fied llBsAg is injected experimentally), the 
bodv begins to make antibodies that bind ; 
tigh'ilv and specifically to HBsAg. Such anti- 
bodies can be used as reagents for sensitive 
diacnostic tests (e.g., to delect hepatitis B 
virus in blood and other tissues, a purpose of 
the claimed invention). A method for detect- 
ing or measuring antigens by using anti- 
bodies as reagents is called an immunoassay. 

Normally, many different antibodies are 
produced against each antigen. One reason 
for this diversity is that different antibodies 
are produced that bind to different regions 
(determinants) of a large antigen molecule 
such as HBsAg. In addition, different anii- 



In re Wands. Appeal No. 673-76 (Bd. Pat. 
App. & Int. Dec. 30, 1986). 



bodies may be produced that bind to the 
same determinant. These usually differ in 
the tightness with which they bind to the 
determinant. Affinity is a quantitative meas- 
ure of the strength of antibody-antigen bind- 
ing Usually an antibody with a higher affin- 
ity for an antigen will be more useful for 
immunological diagnostic tests than one with 
a lower affinity. Another source of heteroge- 
neity is that there are several immunoglobu- 
lin classes or isotypes. Immunoglobulin G 
(IgG) is the most common isotype in serum. 
Another isotype, immunoglobulin M (IgM), 
is prominent early in the immune response. 
IgM molecules are larger than IgG mole- 
cules, and have 10 antigen-binding sites in- 
stead of the 2 that are present in IgG. Most 
immunoassay methods use IgG, but the 
claimed invention uses only IgM antibodies. 

For commercial applications there are 
many disadvantages to using antibodies from 
serum. Serum contains a complex mixture of 
antibodies against the antigen of interest 
within a much larger pool of antibodies di- 
rected at other antigens. There are available 
only in a limited supply that ends when the 
donor dies. The goal of monoclonal antibody 
technology is to produce an unlimited supply 
of a single purified antibody. 

The blood cells that make antibodies are 
lymphocytes. Each lymphocyte makes only 
one kind of antibody. During an immune 
response, lymphocytes exposed to their par- 
ticular antigen divide and mature. Each pro- 
duces a clone of identical daughter cells, all 
of which secrete the same antibody. Clones 
of lymphocytes, all derived from a single 
lymphocyte, could provide a source of a sin- 
gle homogeneous antibody. However, lym- 
phocytes do not survive for long outside of 
the body in cell culture. 

Hybridoma technology provides a way to 
obtain large numbers of cells that all produce 
the same antibody. This method takes advan- 
tage of the properties of myeloma cells de- 
rived from a tumor of the immune system. 
The cancerous myeloma cells can divide in- 
definitely in vitro. They also have the poten- 
tial ability to secrete antibodies. By appropri- 
ate experimental manipulations, a myeloma 
cell can be made to fuse with a lymphocyte to 
produce a single hybrid cell (hence, a hybri- 
doma) that contains the genetic material of 
both cells. The hybridoma secretes the same 
antibody that was made by its parent lym- 
phocyte, but acquires the capability of the 
myeloma cell to divide and grow indefinitely 
in cell culture. Antibodies produced by a 
clone of hybridoma cells (i.e., by hybridoma 
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cells ihai are all progeny of a single cell) are 
called monoclonal antibodies.^ 

B. The Claimed Invention, 

The claimed invention involves methods 
for the immunoassay of HBsAg by usmg 
high-affinity monoclonal IgM antibodies. 
Jack R. Wands and Vincent R. Zurawsku 
Jr., two of the three coinventors of the 
present application, disclosed methods for 
producing monoclonal antibodies agamst 
HBsAg in United States patent No. 
4,271,145 (the '145 patent), entitled *'Pro- 
cess for Producing Antibodies to Hepatitis 
Virus and Cell Lines Therefor," which pat- 
ent issued on J une 2, 1 98 1 . The ' 1 45 patent is 
incorporated by reference into the applica- 
tion on appeal. The specification of the '145 
patent teaches a procedure for immunizing 
mice against HBsAg, and the use of lympho- 
cytes from these mice to produce hybridomas 
that secrete monoclonal antibodies specific 
for HBsAg. The '145 patent discloses that 
this procedure yields both IgG and IgM 
antibodies with high-affinity binding to 
HBsAg. For the stated purpose of complying 
with the best mode requirement of 35 U.S.C. 
§112, first paragraph, a hybridoma cell line 
that secretes IgM antibodies against HBsAg 
(the IF8 cell line) was deposited at the 
American Type Culture Collection, a recog- 
nized cell depository, and became available 
to the public when the '145 patent issued. 

The application on appeal claims methods 
for immunoassay of HBsAg using mono- 
clonal antibodies such as those described in 
ihe 145 patent. Most immunoassay methods 
have used monoclonal antibodies of the IgG 
isotype. IgM antibodies were disfavored in 
the prior art because of their sensitivity to 
reducing agents and their tendency to self- 
aggregate and precipitate. Appellants found 
that their monoclonal IgM antibodies could 
be used for immunoassay of HbsAg with 
unexpectedly high sensitivity and specificity. 
Claims I, 3, 7, 8, 14, and 15 are drawn to 
methods for the immunoassay of HBsAg 
using high-affinity IgM monoclonal anti- 
bodies. Claims 19 and 25-27 are for chemi- 
cally modified (e.g., radioactively labeled) 
monoclonal IgM antibodies used in the as- 
says. The broadest method claim reads: 
I . An immunoassay method utilizing an 
antibody to assay for a substance compris- 
ing hepatitis B-surface antigen (HBsAg) 



determinants which comprises the steps 

of: ... 

contacting a test sample containing said 
substance comprising HBsAg determi- 
nants with said antibody; and 

determining the presence of said sub- 
stance in said sample; 

wherein said antibody is a monoclonal 
high affinity IgM antibody having a bind- 
ing affinity constant for said HBsAg de- 
terminants of at least 10' M-'. 
Certain claims were rejected under 35 
U.S.C. §103; these rejections have not been 
appealed. Remaining claims 1, 3,-7^8, 14, 
15, 19, and 25-27 were rejected under 35 
U.S.C. § 1 1 2, first paragraph, on the grounds 
that the disclosure would not enable a person 
skilled in the art to make and use the inven- 
tion without undue experimentation. The re- 
jection is directed solely to whether the speci- 
fication enables one skilled in the art to make 
the monoclonal antibodies that are needed to 
practice the invention. The position of the 
PTO is that data presented by Wands show 
that the production of high-affinity IgM 
anti-HBsAg antibodies is unpredictable and 
unreliable, so that it would require undue 
experimentation for one skilled in the art to 
make the antibodies. 

ML Analysis 

A. Enablement by Deposit of Micro-organ- 
isms and Cell Lines. 

The first paragraph of 35 U.S.C. §112 
requires that the specification of a patent 
must enable a person skilled in the art to 
make and use the claimed invention. "Pat- 
ents * * * are written to enable those skilled 
in the art to practice the invention." ' A 
patent need not disclose what is well known 
in the art." Although we review underlying 
facts found by the board under a "clearly 
erroneous" standard,- we review enable- 
ment as a question of law.* 

Where an invention depends on the use of 
living materials such as microorganisms or 



• For a concise description of monoclonal anti- 
bodies and their use in immunoassay sec Hybri- 
tech Inc. v. Monoclonal Antibodies. Inc.. 802 
F.2d 1367, 1368-71, 231 USPQ 81, 82-83 (Fed. 
Cir. 1986), cert, denied. 107 S.Ct. 1606(1987). 



' W L Gore <$ Assocs.. Inc. v. Oariock, Inc., 
721 F.2d 1540, 1556, 220 USPQ 303, 315 (Fed. 
Cir. 1983), cert, denied. 469 U.S. 851 (1984). 

* Lindentann Maschinenfabrik GMBH v. 
American Hoist <fi Derrick Co.. 730 F-2d 1452, 
1463, 221 USPQ 481, 489 (Fed. Cir. 1984). 

' Coleman v. Dines. 754 F.2d 353. 356, 224 
USPQ 857, 859 (Fed. Cir. 1985). 

• Moieculon Research Corp. v. CBS. Inc. 793 
F.2d 1261, 1268, 229 USPQ 805. 810 (Fed. Cir. 
1986), cert, denied. 107 S.Cl. 875 (1987); Raythe- 
on Co. V. Roper Corp.. 724 F.2d 95 1 , 960 n 6, 220 
USPQ 592, 599 n.6 (Fed. Cir. 1983), cert, denied. 
469 U.S..835 [225 USPQ 232] (1984). 
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cultured cells, it may be impossible to enable 
the public to make the invention (i.e., to 
obtain these living materials) solely by 
means of a written disclosure. One means 
that has been developed for complying with 
the enablement requirement is to deposit the 
living materials in cell depositories which 
will distribute samples to the public who 
wish to practice the invention after the pat- 
ent issues.' Administrative guidelines and 
judicial decisions have clarified the condi- 
tions under which a deposit of organisms can 
satisfy the requirements of section 1 1 2.* A 
deposit has been held necessary for enable- 
ment where the starting materials (i.e., the 
living cells used to practice the invention, or 
cells from which the required cells can be 
produced) are not readily available lo the 
public' Even when starting materials are 
available, a deposit has been necessary where 
it would require undue experimentation to 
make the cells of the invention from the 
starting materials,"* 

In addition to satisfying the enablement 
requirement, deposit of organisms also can 
be used to establish the filing date of the 
application as the prima facie date of inven- 
tion," and to satisfy the requirement under 
35 U.S.C. §1 14 that the PTO be guaranteed 
access to the invention during pendency of 



W/i re Argoudclis, 434 F.2d 1390, 1392-93, 
168 USPQ 99, 101-02 (CCPA 1970). 

• In re Lundak. m F.2d 1216, 227 USPO 90 
(Fed. Cir. 1985); Feldman v. Aunstrup, 517 F,2d 
1351, 186 USPO 108 (CCPA cert, denied 

424 U.S.9I2 [188 USPQ 7201 ( 1976); Manual of 
Paicni Examining Procedure (MPEP) 608.01 
(p)(C) (5lh cd. 1983. rev. 1987). See generally 
Hampar, Patenting of Recombinant DNA Tech- 
nology: The Deposit Requirement, 67 J. Pat. 
Trademark Off. Soc'y 569 (1985). 

' In re Jackson. 217 USPQ 804, 807-08 (Bd. 
App. 1982) (strains of a newly discovered species 
of bacteria isolated from nature); Feldman. 517 
r.2d 1351, 186 USPQ 108 (uncommon fungus iso- 
lated from nature); In re Argoudelis. 434 F.2d at 
1392, 168 USPQ at 102 (novel strain of antibiotic- 
producing microorganism isolated from nature); 
InreKropp. 143 USPQ 148, 152 (Bd. App. 1959) 
(newly discovered microorganism isolated from 

parte Forman. 230 USPQ 546, 547 (Bd. 
Pat. App. & Int. 1986) (genetically engineered 
bacteria where the specification provided insurti- 
cicnt information about the amount of time and 
effort required); //I re Lwnc/aA. 773 F.2d 1216,227 
USPQ 90 (unique cell line produced from another 
cell line by mutagenesis). 

" In re Lundak. 773 F.2d at 1222. 227 USPQ 
at 95-96; In re Feldman. 517 F.2d at 1355, 186 
USPQ at 113; In re Argoudelis, 434 F.2d at 
1394-96, 168 USPQ at 103-04 (Baldwin, J. 
concurring). 



the application.'' Although a deposit may 
serve these purposes, we recognized, in In re 
Lundak,'^ that these purposes, nevertheless, 
may be met in ways other than by making a 
deposit, ' ^ ^ J 

A deposit also may satisfy the best mode 
requirement of section 1 12, first paragraph, 
and it is for this reason that the 1F8 hybri- 
doma was deposited in connection with the 
'145 patent and the current application. 
Wands docs not challenge the statements by 
the examiner to the effect that, although the 
deposited 1 F8 line enables the public to per- 
form immunoassays with antibodies pro- 
duced by that single hybridoma, the deposit 
does not enable the generic claims that are 
on appeal. The examiner rejected the claims 
on the grounds that the written disclosure 
was not enabling and that the deposit was 
inadequate. Since we hold that the written 
disclosure fully enables the claimed inven- 
tion, we need not reach the question of the 
adequacy of deposits. 

B. Undue Experimentation. 

Although inventions involving microor- 
ganisms or other living cells often can be 
enabled by a deposit,'* a deposit is not al- 
ways necessary to satisfy the enablement 
requirement.'* No deposit is necessary if the 
biological organisms can be obtained from 
readily available sources or derived from 
readily available starting materials through 
routine screening that does not require iin- 
duc experimentation.'* Whether the specifi- 
cation in an application involving living cells 
(here, hybridomas) is enabled without a de- 
posit must be decided on the facts of the 
particular case,'^ 

Appellants contend that their written 
specification fully enables the practice of 



In re Lundak. F-2d at 1222, 227 USPQ 
at 95-96; In re Feldman, 517 F.2d at 1354, 186 

^^Wn Te Lundak. 773 F.2d at 1222, 227 USPQ 
at 95-96 

re Argoudelis, 434 F.2d at 1393, 168 
USPQ at 102. 

" Tahuchi v. Nubel. 559 F.2d 1 183, 194 USPQ 
521 (CCPA 1977). , ^ 

'* Id. at 1 186-87. 194 USPQ at 525; Merck <t 
Co V. Chase Chem, Co.. 273 F.Supp. 68, 77, 155 
USPQ 139, 146 (D.N.J. 1967); Guaranty Trust 
Co. V. Union Solvents Corp.. 54 F.2d 400 403-06 
1 2 USPQ 47, 50-53 ( D. Del. 1931), ajfd. 6 1 F.2d 
1041 15 USPQ 237 (3d Cir. 1932), cert, denied. 
288 U.S. 614 (1933); MPEP 608.01(p)(C) ("No 
problem exists when the microorganisms used arc 
known and readily available to the public"). 

" In re Jackson. 217 USPQ at 807; see In re 
Metcalfe. 410 F.2d 1378, 1382, 161 USPQ 789. 
792 (CCPA 1969), 
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their claimed invention because the mono- 
clonal antibodies needed to perform the im- 
munoassays can be made from readily avail- 
able starting materials using methods that 
are well known in the monoclonal antibody 
art. Wands states that application of these 
methods to make high-affinity IgM anii- 
HBsAg antibodies requires only routine 
screening, and that does not amount to un- 
due experimentation. There is no challenge 
to their contention that the starting materi- 
als (i.e., mice, HBsAg antigen, and myeloma 
cells) are available to the public. The PTO 
concedes thai the methods used to prepare 
hybridomas and to screen them for high- 
affinity IgM antibodies against HBsAg were 
either well known in the monoclonal anti- 
body art or adequately disclosed in the '145 
patent and in the current application. This is 
consistent with this court*s recognition with 
respect to another patent application that 
methods for obtaining and screening mono- 
clonal antibodies were well known in 1980." 
The sole issue is whether, in this particular 
case, it would require undue experimentation 
to produce high-affinity IgM monoclonal 
antibodies. 

Enablement is not precluded by the neccs-^ 
sity for some experimentation such as rou- 
tine screening.'* However, experimentation 
needed to practice the invention must not be 
undue experimentation.^ **the key word is 
*unduc,' not 'experimentation.' 

The determination of what constitutes 
undue experimentation in a given case 
requires the application of a standard of 
reasonableness, having due regard for the 
nature of the invention and the state of the 
art, Ansul Co. v. Uniroyal, Inc. (448 F.2d 
872, 878-79; 169 USPQ 759, 762-63 (2d 
Cir. 1971), cert, denied, 404 U.S. 1018 
(172 USPQ 257] (1972)). The test is not 
merely quantitative, since a considerable 
amount of cxpcrimcniaiion is permissible, 
if it is merely routine, or if the specifica- 
tion in question provides a reasonable 
amount of guidance with respect to the 



*' Hvbritech, 802 F.2d at 1384, 231 USPQ at 
94. 

" Id,: Atlas Powder Co. v. E.I. DuPont De 
Nemours & Co., 750 F.2d 1569, 1576, 224 USPQ 
409. 413 (Fed- Cir. 1984); In re Angstadt. 537 
F.2d al 502-504. 1 90 USPQ at 2 1 8; //i re Geerdes, 
491 R2d 1260, 1265. 180 USPQ 789, 793 (CCPA 
1974); Mineral Separation. Ltd. v. Hyde, 242 
U.S. 261. 270-71 (I9I6). 

""Hybritech, 802 F.2d al 1384, 231 USPQ al 
94: W.L. Gore, ll\ F2d at 1557. 220 USPQ at 
316: /n re Colianni, 561 F2d 220, 224, 195 USPQ 
150, 153 (CCPA 1977) (Miller. J., concurring). 

In re Angstadt, 537 F.2d al 504, 190 USPQ 
ai 219. 



direction in which the experimentation 
should proceed ♦ * ♦ 

The term "undue experimentation" does 
not appear in the statute, but it is well 
established that enablement requires that 
the specification teach those in the art to 
make and use the invention without undue 
experimentation." Whether undue experi- 
mentation is needed is not a single, simple 
factual determination, but rather is a conclu- 
sion reached by weighing many factual con- 
siderations. The board concluded that undufe 
experimentation would be needed to practice 
the invention on the basis of experimental 
data presented by Wands. These data are not 
in dispute. However, Wands and the board 
disagree strongly on the conclusion that 
should be drawn from that data. 

Factors to be considered in determining 
whether a disclosure would require undue 
experimentation have been summarized by 
the board in Ex parte Forman,-* They in- 
clude (1) the quantity of experimentation 
necessary, (2) the amount of direction or 
guidance presented, (3) the presence or ab- 
sence of working examples, (4) the nature of 
the invention, (5) the state of the prior art, 
(6) the relative skill of those in the art, (7) 
the predictability or unpredictability of the 
art, and (8) the breadth of the claims." 

In order to understand whether the rejec- 
tion was proper, it is necessary to discuss 
further the methods for making specific 
monoclonal antibodies. The first step for 
making monoclonal antibodies is to immu- 
nize an animal. The '145 patent provides a 
detailed description of procedures for immu- 
nizing a specific strain of mice against 
HBsAg. Next the spleen, an organ rich in 
lymphocytes, is removed and the lympho- 
cytes are separated from the other spleen 
cells. The lymphocytes arc mixed with mye- 
loma cells, and the mixture is treated to 
cause a few of the cells to fuse with each 
other. Hybridoma cells that secrete the de- 
sired antibodies then must be isolated from 
the enormous number of other cells in the 
mixture. This is done through a series of 
screening procedures. 

The first step is to separate the hybridoma 
cells from unfused lymphocytes and mye- 
loma cells. The cells are cultured in a mcdi- 



" In re Jackson, 2 1 7 USPQ al 807. 

''See Hvbritech. 802 F2d al 1384, 231 USPQ 
at 94; Atlas Powder, 750 F.2d al 1 576, 224 USPQ 
at 413. 

*• Ex parte Forman, 230 USPQ at 547. 

» Id.: see In re Colianni, 561 F.2d at 224, 195 
USPQ at 153 (Miller, J., concurring); fn re 
Rainer. 347 F.2d 574, 577, 146 USPQ 218, 221 
(CCPA 1965). 
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urn in which all the lymphocytes and mye- 
loma cells die, and only the hybridoma cells 
survive. The next step is to isolate and clone 
hybridomas that make antibodies that bind 
to the antigen of interest. Single hybridoma 
cells are placed in separate chambers and are 
allowed to grow and divide. After there are 
enough cells in the clone to produce suffi- 
cient quantities of antibody to analyze, the 
antibody is assayed to determine whether it 
binds to the antigen. Generally, antibodies 
from many clones do not bind the antigen, 
and these clones are discarded. However, by 
screening enough clones (often hundreds at a 
lime), hybridomas may be found that secrete 
antibodies against the antigen of interest. 

Wands used a commercially available ra- 
dioimmunoassay kit to screen clones for cells 
ihat produce antibodies directed against 
HBsAg. In this assay the amount of radioac- 
tivity bound gives some indication of the 
strength of the antibody-antigen binding, but 
does not yield a numerical affinity constant, 
which must be measured using the more 
laborious Scatchard analysis. In order to 
determine which anti-HBsAg antibodies sat- 
isfy all of the limitations of appellants' 
claims, the antibodies require further screen- 
ing to select those which have an IgM isoiype 
and have a binding affinity constant of at 
least 10" M-'.** The PTO docs not question 
that the screening techniques used by Wands 
were well known in the monoclonal antibody 
art. 

During prosecution Wands submitted a 
declaration under 37 C.F.R §1.132 provid- 
ing information about all of the hybridomas 
that appellants had produced before tiling 
the patent application. The first four fusions 
were unsuccessful and produced no hybrido- 
mas. The next six fusion experiments all 
produced hybridomas thai made antibodies 
specific for HBsAg. Antibodies that bound 
at least 10,000 cpm in the commercial ra- 
dioimmunoassay were classified as "high 
binders." Using this criterion, 143 high-bind- 
ing hybridomas were obtained. In the decla- 
ration. Wands stated that 



•'The examiner, the board, and Wands all 
point out that, icchnicaHy. the strength of antt- 
body-HBsAg binding is measured as avidity, 
which takes into account multiple determinants on 
the HBsAg molecule, rather than alVmity. Never- 
theless, despite this correction, all parties then 
continued to use the term "allinity." Wc will use 
the terminology of the parties. Following the usage 
of the parties, wc will also use the term '*high- 
alVmity" as essentially synonymous with ^'having a 
binding afiinily constant of at least 10' M-'." 

" A table in the declaration presented the 
binding data for antibodies from every cell line. 
Values ranged from 1 3,867 to 1 25,204 cpm. and a 



It is generally accepted in the art that, 
among those antibodies which are binders 
with 50,000 cpm or higher, there is a very 
high likelihood that high affinity (Ka 
[greater than) 10' M-') antibodies will be 
found. However, high affinity antibodies 
can also be found among high binders of 
between 10,000 and 50,000, as is clearly 
demonstrated in the Table. 
The PTO has not challenged this statement. 
The declaration stated that a few of the 
high-binding monoclonal antibodies from 
two fusions were chosen for further screen- 
ing. The remainder of the antibodies and the 
hybridomas that produced them were saved 
by freezing. Only nine antibodies were sub- 
jected to further analysis. Four (three from 
one fusion and one from another fusion) fell 
within the claims, that is, were IgM anti- 
bodies and had a binding affinity constant of 
at least 10' M-'. Of the remaining five anti- 
bodies, three were found to be IgG, while the 
other two were IgM for which the affinity 
constants were not measured (although both 
showed binding well above 50,000 cpm). 

Apparently none of the frozen cell lines 
received any further analysis. The declara- 
tion explains that after useful high-affinity 
IgM monoclonal antibodies to HBsAg had 
been found, it was considered unnecessary to 
return to the stored antibodies to screen for 
more IgMs. Wands says that the existence of 
the stored hybridomas was disclosed to the 
PTO to comply with the requirement under 
37 C.F.R. §1.56 that applicants fully dis- 
close all of their relevant data, and not just 
favorable results.-' How these stored hybri- 
domas are viewed is central to the positions 
of the parties. 

The position of the board emphasizes the 
fact that since the stored cell lines were not 
completely tested, there is no proof that any 
of them arc IgM antibodies with a binding 
affinity constant of at least 10' M-'. Thus, 
only 4 out of 1 43 hybridomas, or 2.8 percent, 
were proved to fall within the claims. Fur- 
thermore, antibodies that were proved to be 
high-affinity IgM came from only 2 of 10 
fusion experiments. These statistics arc 
viewed by the board as evidence that appel- 
lants' methods were not predictable or repro- 
ducible. The board concludes that Wands* 
low rate of demonstrated success shows that 
a person skilled in the art would have to 



substantial proportion of the antibodies showed 
binding greater than 50,000 cpm. In confirmation 
of Dr. Wand's statement, two antibodies with 
binding less than 25,000 cpm were found to have 
affinity constants greater than 10' M-'. 

" See Rohm <S Haas Co. v. Crystal Chem. Co.. 
Ill F.2d 1556, 220 USQ 98 (Fed. Cir. 1983). 
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engage in undue experimentation in order to 
make antibodies that fall within the claims. 

Wands views the data quite differently. 
Only nine hybridomas were actually ana- 
lyzed beyond the initial screening for HBsAg 
binding. Of these, four produced antibodies 
that fell within the claims, a respectable 44 
percent rale of success. (Furthermore, since 
the two additional IgM antibodies for which 
the affinity constants were never measured 
showed binding in excess of 50,000 cpm, it is 
likely that these also fall within the claims.) 
Wands argues that the remaining 134 unan- 
alyzed, stored cell lines should not be written 
off as failures. Instead, if anything, they 
represent partial success. Each of the stored 
hybridomas had been shown to produce a 
high-binding antibody specific for HBsAg. 
Many of these antibodies showed binding 
above 50,000 cpm and are thus highly likely 
to have a binding affinity constant of at least 
10' M-'. Extrapolating from the nine hybri- 
domas that were screened for isotype (and 
from what is well known in the monoclonal 
antibody art about isotype frequency), it is 
reasonable to assume that the stored cells 
include some that produce IgM. Thus, if the 
134 incompletely analyzed cell lines are con- 
sidered at all, they provide some support 
(albeit without rigorous prooO to the view 
that hybridomas failing within the claims are 
not so rare that undue experimentation 
would be needed to make them. 

The first four fusion attempts were fail- 
ures, while high-binding antibodies were pro- 
duced in the next six fusions. Appellants 
contend that the initial failures occurred 
because they had not yet learned to fuse cells 
successfully. Once they became skilled in the 
art, they invariably obtained numerous hy- 
bridomas that made high-binding antibodies 
against HBsAg and, in each fusion where 
they determined isotype and binding affmity 
they obtained hybridomas that fell within 
the claims. 

Wands also submitted a second declara- 
tion under 37 C.F.R. §1.132 stating that 
after the patent application was submitted 
they performed an eleventh fusion experi- 
ment and obtained another hybridoma that 
made a high-affinity IgM anti-HBsAg anti- 
body. No information was provided about 
the number of clones screened in that experi- 
ment. The board determined that, because 
there was no indication as to the number of 
hybridomas screened, this declaration had 
very little value. While we agree that it 
would have been preferable if Wands had 
included this information, the declaration 
docs show that when appellants repeated 
their procedures they again obtained a hybri- 



doma that produced an antibody that fit all 
of the limitations of their claims. 

(1) We conclude that the board's interpre- 
tation of the data is erroneous. It is strained 
and unduly harsh to classify the stored cell 
lines (each of which was proved to make 
high-binding antibodies against HBsAg) as 
failures demonstrating that Wands' methods 
are unpredictable or unreliable." At worst, 
they prove nothing at all about the probabil- 
ity of success, and merely show that appel- 
lants were prudent in not discarding cells 
that might someday prove useful. At be^». 
they show that high-binding antibodies, the 
starting materials for IgM screening and 
Scatchard analysis, can be produced in large 
numbers. The PTO's position leads to the 
absurd conclusion that the more hybridomas 
an applicant makes and saves without testing 
the less predictable the applicant's results 
become. Furthermore, Wands' explanation 
that the first four attempts at cell fusion 
failed only because they had not yet learned 
to perform fusions properly is reasonable in 
view of the fact that the next six fusions were 
all successful. The record indicates thai cell 
fusion is a technique that is well known to 
those of ordinary skill in the monoclonal 
antibody art, and there has been no claim 
that the fusion step should be more difficult 
or unreliable where the antigen is HBsAg 
than it would be for other antigens. 

(2] When Wands' data is interpreted in a 
reasonable manner, analysis considering the 
factors enumerated in Ex parte Forman 
leads to the conclusion that undue experi- 
mentation would not be required to practice 
the invention. Wands' disclosure provides 
considerable direction and guidance on how 
to practice their invention and presents work- 
ing examples. There was a high level of skill 
in the art at the time when the application 
was filed, and all of the methods needed to 
practice the invention were well known. 

The nature of monoclonal antibody tech- 
nology is that it involves screening hybrido- 
mas to determine which ones secrete anti- 
body with desired characteristics. Prac- 
titioners of this art are prepared to screen 
negative hybridomas in order to find one that 
makes the desired antibody. No evidence 
was presented by either party on how many 
hybridomas would be viewed by those in the 
art as requiring undue experimentation to 
screen. However, it seems unlikely that un- 



Even if wc were to accept the PTO's 2.8% 
success rate, we would not be required to reach a 
conclusion of undue experimentation. Such a de- 
termination must be made in view of the circum- 
stances of each case and cannot be made solely by 
reference to a particular numerical cutoff. 
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due experimentation would be defined in 
terms of the number of hybridomas that 
were never screened. Furthermore, in the 
monoclonal antibody art it appears that an 
^'experiment" is not simply the screening of a 
single hybridoma, but is rather the entire 
attempt to make a monoclonal antibody 
against a particular antigen. This process 
entails immunizing animals, fusing lympho- 
cytes from the immunized animals with mye- 
loma cells to make hybridomas, cloning the 
hybridomas, and screening the antibodies 
produced by the hybridomas for the desired 
characteristics. Wands carried out this en- 
tire procedure three limes, and was success- 
ful each time in making at least one antibody 
that satisfied all of the claim limitations. 
Reasonably interpreted. Wands' record indi- 
cates that, in the production of high-affinity 
IgM antibodies against HBsAG, the amount 
of efTort needed to obtain such antibodies is 
not excessive. Wands' evidence thus efTec- 
tiveiy rebuts the examiner's challenge to the 
enablement of their disclosure." 

IV. Conclusion 

Considering all of the factors, we conclude 
that it would not require undue experimenta- 
tion to obtain antibodies needed to practice 
the claimed invention. Accordingly, the re- 
jection of Wands' claims for lack of enable- 
ment under 35 U.S.C. §112, first paragraph, 
is reversed. 

RL VERS ED 

Newman, J., concurring in part, dissenting 
in part. 

A 

I concur in the court's holding that addi- 
tional samples of hybridoma cell lines that 
produce these high-alfmily IgM monoclonal 
antibodies need not be deposited. This inven- 
tion, as described by Wands, is not a selec- 
tion of a few rare cells from many possible 
cells. To the contrary. Wands states that all 
monoclonally produced IgM antibodies to 
hepatitis B surface antigen have the desired 
high avidity and other favorable properties, 
and that all are readily preparable by now- 
standard techniques. 

Wands slates that his United States Pat- 
ent No. 4,271,145 describes fully operable 
techniques, and is distinguished from his 
first four failed experiments thai are referred 



^ fn re Strahilevitz. 668 F.2d 1229, 1232, 212 
USPQ 561,563 (CCPA 1982). 



to in the Rule 132 affidavit. Wands argues 
that these biotechnological mechanisms are 
relatively well understood and that the prep- 
arations can be routinely duplicated by those 
of skill in this art, as in Hybritech, Inc. v. 
Monoclonal Antibodies, Inc., 802 F.2d 
1367, 1380, 231 USPQ 81, 94 (Fed. Cir. 
1986), cfr/. denied, l07S.Ct. 1606 (1987). I 
agree that it is not necessary that there be a 
deposit of multiple exemplars of a cell sys- 
tem that is readily reproduced by known, 
specifically identified techniques. 

B 

I would affirm the board's holding that 
Wands has not complied with 35 U.S.C. 
§112, first paragraph, in that he has not 
provided data sufficient to support the 
breadth of his generic claims. Wands' claims 
on appeal include the following: 

19. Monoclonal high affinity IgM anti- 
bodies immunoreactive with HBsAg de- 
terminants, wherein said antibodies are 
coupled to an insoluble solid phase, and 
wherein the binding affinity constant of 
said antibodies for said HBsAg determi- 
nants is at least 10' M-'. 
26. Monoclonal high affinity IgM anti- 
bodies immunoreactive with hepatitis B 
surface antigen. 
Wands states that he obtained 143 "high 
binding monoclonal antibodies of the right 
specificity" in the successful fusions; al- 
though he docs not state how they were 
determined to be high binding or of the right 
specificity, for Wands also slates that only 
nine of these 143 were tested. 

Of these nine, four (three from one fusion 
and one from another fusion) were found to 
have the claimed high affinity and to be of 
the IgM isoiypc. Wands states that the other 
five were either of a difTerent isotype or their 
aflinittes were not determined. (This latter 
statement also appears to contradict his 
statement that all 143 were "high binding".) 

Wands argues that a "success rate of four 
out of nine", or 44.4%, is sufficient to sup- 
port claims to the entire class. The Commis- 
sioner deems the success rate to be four out 
of 143, or 2.8%; to which Wands responds 
with statistical analysis as to how unlikely it 
is that Wands selected the only four out of 
143 that worked. Wands did not, however, 
prove the right point. The question is wheth- 
er Wands, by testing nine out of 143 (the 
Commissioner points out that the random- 
ness of the sample was not established), and 
finding that four out of the nine had the 
desired properties, has provided suflRcient 
experimental support for the breadth of the 
requested claims, in the context that "experi- 
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ments in genetic engineering produce, at 
best, unpredictable results", quoting from 
Ex parte Forman. 230 USPQ 546, 547 
(Bd.Pat.App. and Int. 1986). 

The premise of the patent system is that 
an inventor, having taught the world some- 
thing it didn't know, is encouraged to make 
the product available for public and commer- 
cial benefit, by governmental grant of the 
right to exclude others from practice of that 
which the inventor has disclosed. The bound- 
ary defining the excludable subject matter 
must be carefully set: it must protect the 
inventor, so that commercial development is 
encouraged; but the claims must be commen- 
surate with the inventor's contribution. Thus 
the specification and claims must meet the 
requirements of 35 U.S.C. §112. //i re Fish- 
er^ 421 F.2d 833, 839, 166 USPQ 18, 23-24 
(CCPA 1970). 

As the science of biotechnology matures 
the need for special accommodation, such as 
the deposit of cell lines or microorganisms, 
may diminish; but there remains the body of 
law and practice on the need for sufficient 
disclosure, including experimental data 
when appropriate, that reasonably support 
the scope of the requested claims. That law 
relates to the sufficiency of the description of 
the claimed invention, and if not satisfied by 
deposit, must independently meet the re- 
quirements of Section 1 12. 

Wands is not claiming a particular, speci- 
fied IgM antibody. He is claiming all such 
monoclonal antibodies in a.ssay for hepatitis 
B surface antigen, based on his teaching that 
such antibodies have uniformly reproducible 
high avidity, free of the known disadvan- 
tages of IgM antibodies such as tendency to 
precipitate or aggregate. It is incumbent 
upon Wands to provide reasonable support 
for the proposed breadth of his claims. I 
agree with the Commissioner that four ex- 
emplars shown to have the desired proper- 
ties, out of the 143, do not provide adequate 
support. 

Wands argues that the law should not be 
"harsher" where routine experiments lake a 
long time. However, what Wands is request- 
ing is that the law be less harsh. As illustrat- 
ed in extensive precedent on the question of 
how much experimentation is "undue", each 
case must be determined on its own facts. 
See, e.g., W.L Gore & Assocs., Inc. v. Gar- 
lock, Inc.^ 11\ F.2d 1540, 1557, 220 USPQ 
303, 316 (Fed. Cir. 1983), cert, denied, 469 
U.S. 851 (1984); In re Angstadt, 537 F.2d 
498, 504, 190 USPQ 214, 218 (CCPA 
1976); In re Cook, 439 F,2d 730, 734-35, 169 
USPQ 298, 302-03 (CCPA 1971). 

The various criteria to be considered in 
determining whether undue experimentation 



is required are discussed in, for example, 
Fields V. Conover, 443 F.2d 1386, 170 
USPQ 276 (CCPA 1971); In re Rainer, 347 
F.2d 574, 146 USPQ 218 (CCPA 1965); Ex 
parte Forman, 230 USPQ at 547. Wands 
must provide sufficient data or authority to 
show that his results are reasonably predict- 
able within the scope of the claimed generic 
invention, based on expjeriment and/or scien- 
tific theory. In my view he has not met this 
burden. 



Patent and Trademark Office 
Trademark Trial and Appeal Board 

In re Johanna Farms Inc. 

Serial No. 542,343 
Decided June 30, 1988 

JUDICIAL PRACTICE AND 
PROCEDURE 

L Procedure — Prior adjudication — In 
general (§410.1501) 

Trademark Trial and Appeal Board's 
prior decision upholding examiner's refusal 
to register proposed mark "La Yogurt" does 
not preclude registration of mark pursuant to 
subsequent application, since applicant, by 
presenting survey evidence and consumer 
letters regarding issue of how purchasers 
perceive proposed mark, has demonstrated 
that instant factual situation is different 
from situation presented in prior proceeding. 

TRADEMARKS AND UNFAIR TRADE 
PRACTICES 

2. Types of marks — Non-descriptive — 
Particular marks (§327.0505) 

Term "La Yogurt/' with "yogurt" dis- 
claimed, is registrable, since word "yogurt" 
is common English generic term rather than 
corruption or misspelling of French word for 
yogurt, since examining attorney failed to 
meet burden of showing clear evidence of 
generic use of mark as whole, and since 
evidence of record, including survey and con- 
sumer letters to applicant, demonstrates that 
primary significance of **La Yogurt" to ma- 
jority of relevant public is that of brand 
name rather than generic term. 
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lengcs ETFs rights as to those goods but 
seeks to preclude a more expanded line of 
clothing or services being offered under the 
VITTORIO RICCI mark. 

(3) Nina Ricci has shown that NINA 
RICCI has become an increasingly strong 
identification of source, that it has been 
vigilant in protecting its marks from en- 
croachment by others, that NINA RICCI or 
related marks have been used on the goods 
and services at issue since well before ETF's 
limited use of its mark for such goods and 
services, that the goods of the parties would 
be sold in some of the same stores, and that 
overlap of the goods, which did not exist to 
any significant extent in prior years and does 
not, in fact, yet exist to any significant ex- 
lent, would be fostered if ETF were allowed 
to expand into the field now occupied by 
Nina Ricci. Further, we see no basis for 
holding that Nina Ricci has estopped itself 
from challenging the right of expansion ETF 
asserts by reason of its registering NINA 
RICCI for shoes, a mark ETF did not op- 
pose. We therefore conclude that the oppos- 
er, Nina Ricci, has met its burden of demon- 
strating that there exists a likelihood of 
confusion between its NINA RICCI and 
related marks and ETFs VITTORIO 
RICCI mark for the goods and services m 
question. In reaching this decision, we must 
reiterate the teaching of our predecessor 
court that there is "no excuse for even ap- 
proaching the well-known trademark of a 
competitor . . . and that all doubt as to 
whether confusion, mistake, or deception is 
likely is to be resolved against the newcomer, 
especially where the established mark is one 
which is famous. ..." Planter's Nut & 
Chocolate Co. v. Crown Nut Co., Inc. 305 
F,2d 916, 924-25, 134 USPQ 504, 511 
(CCPA 1962). See also Specialty Brands. 
!nc, V. Coffee Bean Distribs., Inc., 748 F.2d 
at 674, 223 USPQ at 1285. Based on the 
record before the Board, we must view ETF 
as the "newcomer'' to the clothing and fash- 
ion accessories business despite the fact that 
ETF uses the established VITTORIO 
RICCI mark in the rather limited area of 
shoes and belts. 

Accordingly, the decision of the Trade- 
mark Trial and Appeal Board is reversed. 
REVERSED 
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No. 88-2811 
Decided June 24, 1989 

PATENTS 

1. Patentability/Validity — Adequacy of 
disclosure (§115.12) 

Claims, for cysteine-depleted muteins of 
biologically active proteins, which require 
mutcin which is produced to retain biological 
activity of native protein, are enabling, in 
view of record establishing that, for given 
protein having cysteine residues, one skilled 
in art would be able to routinely determine 
whether deletion or replacement of cysteine 
residues would result in mutein which is 
within claims, and fact that given protein 
may not be amenable for use in present 
invention, in that cysteine residues arc need- 
ed for biological activity of protein, does not 
militate against conclusion of enablement, 
since one skilled in art is clearly enabled to 
perform such work as needed to determine 
whether cysteine residues of any given pro- 
tein arc needed for retention of biological 
activity. 

3, Practice and procedure in U.S. Patent and 
Trademark Office — Prosecution — 
Filing date (§110.0906) 

Earliest filing date of parent applications 
to which present claims are entitled under 35 
use 1 20 is filing dale of first parent applica- 
tion in chain which sets forth generic descrip- 
tion of synthetic muteins of present 
invention. 



Appeal from rejection of claims (Robin 
Teskin, examiner; Thomas Wiseman, super- 
visory patent examiner). 

Applicants David F. Mark, Leo S. Lin, 
Shi-Da Yu Lu, and Alice M. Wang appeal 
from rejection of claims, application, serial 
no. 06/698,939 filed Feb. 7, 1985 (cysteine- 
depleted muteins of biologically active pro- 
teins). Reversed. 

Albert P. Halluin and Jane R. McLaughlin, 
Emeryville, Calif., for appellants. 

Before Goldstein, Pellman, and W. Smith, 
examiners-in<hief. 

W. Smith, examiner-in-chief. 

This is an appeal from the final rejection 
of claims 1 through 5 and 45 through 69. The 
appeal as to claims 54 and 56 was withdrawn 
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by appellants' counsel at oral argument.' 
Thus, claims 1 through 5, 45 through 53, 55 
and 57 through 69 remain for our consider- 
ation, which are all of the claims remaining 
in the application. 

Claims I, 45, 54, 55, 56, 57 and 64 are 
illustrative of the subject matter on appeal 
and read as follows: 

I. A synthetic mutein of a biologically 
active native protein in which native pro- 
tein has at least one cysteine residue that is 
free to form a disulfide link and is nones- 
sential to said biological activity, said mu- 
tein having at least one of said cysteine 
residues substituted by another amino 
acid and said mutein exhibiting the bio- 
logical activity of said native protein. 

45. A structural gene having a DNA 
sequence that encodes a synthetic mutein 
of a biologically active native protein 
which native protein has at least one cys- 
teine residue that is free to form a disul- 
fide link and is nonessential to said biologi- 
cal activity, said mutein having at least 
one of said cysteine residues substituted by 
another amino acid and said mutein exhib- 
iting the biological activity of said native 
protein. 

54. A method of preventing a protein 
having at least one cysteine residue that is 
free to form a disulfide link from forming 
said link comprising mulationally altering 
the protein by deleting the cysteine residue 
or replacing the cysteine residue with an- 
other amino acid. 

55. The method of claim 54 wherein the 
protein is biologically active and the cys- 
teine is not essential to said biological 
activity. 

56. The method of claim 54 wherein the 
cysteine residue is rcpla^rec with serine or 
threonine. 

57. A method for making a gene having 
a DNA sequence that encodes a synthetic 
mutein of a biologically active native pro- 
tein which native protein has at least one 
cysteine residue thai is free to form a 
disulfide link and is nonessential to said 
biological activity, said mutein having at 
least one of said cysteine residues substi- 
tuted by another amino acid and said 
mutein exhibiting the biological activity of 
said native protein comprising: 



' It became apparent at oral argument that 
appellants' invention revolves around the present 
synthetic mutcins retaining the biological activity 
of the native protein. The method of claims 54 and 
56 is not so limited. When this was brought to 
counsefs attention during oral argument, counsel 
orally withdrew claims 54 and 56 from appeal. 



(a) hybridizing single-stranded DNA 
comprising a strand of a structural gene 
that encodes said protein with a mutant 
oligonucleotide primer that is complimen- 
tary to a region of said strand that includes 
the codon for said cysteine residue or the 
antisense triplet paired with said codon, as 
the case may be, except for a mismatch 
with said codon or said antisense triplet 
which mismatch defines a triplet that 
cedes for said other amino acid: 

(b) extending the primer with DNA 
polymerase to form a mutational hetero- 
duplex; and 

(c) replicating said mutational 
heteroduplex. 

64. An oligonucleotide for use in mak- 
ing a structural gene, said gene having a 
DNA sequence that encodes a synthetic 
mutein of a biologically active native pro- 
tein which native protein has at least one 
cysteine residue that is free to form a 
disulfide link and is nonessential to said 
biological activity, and said mutein having 
at least one of said cysteine residues sub- 
stituted by another amino acid and said 
mutein exhibiting the biological activity of 
said native protein, by oligonucleolide-di- 
rected mutagenesis, said oligonucleotide 
having a nucleotide sequence that is com- 
plimentary to a region of the strand of the 
structural gene that includes the codon for 
the cysteine residue or the anti-sense triple 
paired with said condon, as the case may 
be, except for a mismatch of said codon 
that defines a triplet that codes for said 
other amino acid. 

The reference relied upon by the examiner 

is: 

Mark et al. 
(Mark '584) 4,518,584 May 21, 1985 

A reference relied upon by the Board is: 

Mark et al. 
(Mark '585) 4,588,585 May 13, 1986 

The sole rejection of the claims remaining 
on appeal is under 35 USC §112, first para- 
graph, as being nonenabled. In support of the 
rejection, the examiner relies upon a state- 
ment of prior art which appears at page 3, 
lines 22-line 34 of the present specification 
and at column I, lines 55-56 of U.S. Patent 
No. 4,518,584 to Mark et al., one of the 
present parent applications, which reads as 
follows: 

In this regard Shepard, H.M., et al, Na- 
• ture (1981) 29-^:563-565 describe a mu- 
tein of IFN-^ in which the cysteine at 
position 141 of its amino acid sequence 
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(there are three cysteines in native human 
IFN-^ at positions 17, 31, and 141, Gene 
(1980) I0:\\'\5 and Nature (1980) 
255:542-547) is replaced by tyrosine. This 
mutein was made by bacterial expression 
of a hybrid gene constructed from a par- 
tial IFN-/3 cDNA clone having a G O A 
transition at nucleotide 485 of the IFN-/3 
gene. The mutein lacked the biological 
activity of native IFN-^ leading the au- 
thors to conclude that the replaced cys- 
teine was essential to activity. 
In addition, the examiner relies upon a 
statement which appears in an amendment 
filed in co-pending, commonly assigned Ser- 
ial No. 06/876,819 which reads as follows: 
The review of the newly allowed claims 
with the inventors in light of the presently 
available data concerning the claimed spe- 
cies revealed that the seven Cys to Ser 
substitutions possible within the mature 
CSF-1 sequence shown in Figure 5 each 
result in a substantial reduction in the in 
vitro colony stimulation assay specified in 
claim 53. Thus, the ser«CSF-l species 
claimed in claim 20 (and also in claims 22 
and 29) docs not meet the requirement 
specified by claim 53. Nevertheless, appli- 
cants are of the view that the DNA encod- 
ing the scr^CSF-l species as well as the 
other Cys substitution species may have 
other uses, as experimental probes for ex- 
ample. Accordingly, claim 20 which spe- 
cifically claims ser„CSF-I has been made 
independent. For the above described rea- 
sons, the scr„CSF-l species has been de- 
leted from claims 22 and 29. 
The examiner's rejection is summarized at 
page 3 of the Examiner's Answer as follows: 
Essentially, the position taken in the rejec- 
tion is that it would require undue further 
experimentation to construct by recombin- 
ant methods (site specific mutagenesis) 
the innumerable muleins encompassed by 
the instant claims (claims encompass 
modification of any protein which com- 
prises a "non-essentiaT" cysteine residue) 
and to screen the muteins produced for 
any of those which exhibit biological activ- 
ity after modification. 
The examiner further reasons that it is gen- 
erally known in the art that cysteine residues 
facilitate the proper disulfide bonds and con- 
sequently the proper folding of a protein. 
The examiner concludes that it is likely that 
most of the muleins prepared by appellants' 
claimed methodology "would be inoperative 
simply because the removal of the cysteine 
would disturb proper folding of the molecule, 
thereby potentially blocking the active site or 



sites of the resulting mutein." (Examiner's 
Answer, page 4) 

The examiner points out on page 6 of her- 
Answer that the claims on appeal encompass 
any protein, even those which have not been 
characterized or cloned and that the mere 
sequencing of all possible proteins encom- 
passed by the claims on appeal, would entail 
an undue amount of experimentation. 
As set forth on page 7 of the Appeal Brief: 
Appellants' position is that given the 
disclosure of the present invention substi- 
tuting a nonessential cysteine with a neu- 
tral amino acid, the nonessential cysteine 
residues of any candidate protein could be 
identified and substituted in ten days em- 
ploying the methods disclosed in the in- 
stant disclosure and the general knowl- 
edge of the art at the time the application 
was filed. Such limited amount of experi- 
mentation based on the disclosure in the 
application and the success shown by three 
proteins certainly does not constitute un- 
due experimentation. 
These arguments are supported by the decla- 
ration of co-appellant Alice M. Wang filed 
under 37 CFR 1.132 on August 10, 1987. In 
her declaration Ms. Wang sets forth what 
she terms a reasonable scheme for determin- 
ing which cysteine residues in a generic bio- 
logically active protein would be available 
for substitution without destroying the bio- 
logical activity. The declaration sets forth a 
step-by-step scheme for implementing the 
claimed invention which parallels the disclo- 
sure of the present application. 

The examiner sets forth on page 5 of her 
Answer that Ms. Wang's declaration does 
not refute the determination that undue ex- 
perimentation is needed for implementation 
of the claimed invention because of the 
"limited successful embodiments shown and 
the established unpredictability associated 
with such modifications as to how many such 
site-specific mutageneses would need to be 
undergone to obtain even one alternative 
biologically active mutein.'' 

[\] We have carefully considered the re- 
spective positions of the examiner and the 
appellants and find that we agree with appel- 
lants that the claims remaining on appeal are 
enabled by the present disclosure. The work- 
ing examples of the present specification set 
forth experiments which establish that three 
proteins, IFN-/3, IL-2 and TNF, have non- 
essential cysteine residues which may be 
deleted or replaced with the resulting mutein 
retaining the biological activity of the native 
protein. When it is considered that the 
claims remaining on appeal all require that 
the mutein produced retain the biological 
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activity of the native protein, we consider the 
disclosure of this application to be enabling. 
The passages relied upon by the examiner 
from Mark '584 and copending Serial No. 
06/876,819 are merely examples of work 
which is outside the claims on appeal. The 
record before us establishes that for a given 
protein having cysteine residues, one skilled 
in the art would be able to routinely deter- 
mine whether deletion or replacement of the 
cysteine residues would result in a mutein 
which is within the claims on appeal. 

To the extent that the examiner is con- 
cerned that undue experimentation would be 
required to determine other proteins suitable 
for use in the present invention, we find Ms. 
Wang's declaration to be persuasive that 
only routine experimentation would be need- 
ed for one skilled in the art to practice the 
claimed invention for a given protein. The 
fact that a given protein may not be amena- 
ble for use in the present invention in that the 
cysteine residues are needed for the biologi- 
cal activity of the protein does not militate 
against a conclusion of enablement. One 
skilled in the art is clearly enabled to per- 
form such work as needed to deternriine 
whether the cysteine residues of a given 
protein are needed for retention of biological 
activity. 

The examiner's rejection under 35 USC 
§112 first paragraph, is reversed. 



NEW GROUND OF REJECTION 

Claims 1 through 5, 45 through 53, 55 and 
57 through 67 are rejected under 35 USC 
§ 102(c) as being anticipated by Mark '584 
or Mark '585. 

The present application lists four co-inven- 
tors, Mark, Lin, Lu and Wang. Appellants 
slate on page I of the present specification 
that this application has two lines of parent 
applications. It is the first line of parent 
applications, i.e.. Serial Nos. 06/564,224, 
06/486,162 and 06/435,154 which is of 
present interest. 

This application is slated to be a continu- 
ation-in-part of Serial No. 06/564,224 which 
is a continuation-in-part of Serial No. 
06/486,162 which is a continuation-in-part 
of Serial No. 06/435,154. Each of these 
parent applications lists only three inventors, 
Mark, Lin and Lu. Wang, who is a co- 
inventor of the present application, is not a 
co-inventor in the parent applications. Mark 
'584 issued from Serial No. 06/564,224. 
Mark '585 is a division of Serial No. 
06/564,224. and shares common parentage 
with Mark '584 of Serial Nos. 06/486,162 
and 06/435,154. 



In order for the present claims to be enti- 
tled under 35 USC §120 to the benefit of the 
earlier filing date of any of the parent appli- 
cations, their subject matter must be dis- 
closed in the parent applications in the man- 
ner provided by 35 USC §112, first 
paragraph, including the description require- 
ment of this section of the statute. In re van 
Langenhoven, 458 F.2d 132, 173 USPQ 426 
(CCPA 1972). 

[2] Here, our review leads us to the conclu- 
sion that the earliest filing date the present 
generic claims are entitled to is the Decem- 
ber 20, 1983 filing date of parent application 
Serial No. 06/564,224 since this appears to 
be the first application in this chain which 
sets forth a generic description of the syn- 
thetic muteins of the present invention. Par- 
ent application Serial No. 06/486,162 de- 
scribes only a synthetic mutein of IFN-^. 
The entire original disclosure of Serial No. 
06/486,162 describes and is strictly limited 
to synthetic muteins of IFN-i3 except for 
original claim 20 of that application which 
was directed to "a nucleotide primer for 
mutagenesis, comprising an oligonucleotide 
of about 12 to about 24 bases.'' The specifi- 
cation of this application contains a corre- 
sponding disclosure of this generic nucleo- 
tide primer. However, comparing this 
generic disclosure of a nucleotide primer 
with that of the present application i.e., 
claim 64, it is apparent that claim 20 of this 
parent application does not provide descrip- 
tive support for the broader oligonucleotide 
disclosed and claimed in this application. 
Thus, none of the present claims are entitled 
to the benefit of the earlier filing date of 
Serial No. 06/486,162, at best, only Serial 
No. 06/564,224. 

Having made this determination, we find 
that Mark '584 or Mark '585 is available as 
prior art against the appealed claims under 
35 USC § 1 02(e) as these patents are by 
"others" having the effective filing date re- 
quired by this section of the statute. The 
effective filing dale of these two references, 
to the extent they disclose synthetic muteins 
of IFN-/8, is October 19, 1982, the filing date 
of common parent application Serial No. 
06/435,154. They are anticipatory of the 
claims included in this rejection in that these 
references describe the IFN-i3 synthetic mu- 
tein species of the present generic claims. In 
re May. 574 F.2d 1082, 1089, 197 USPQ 
601,607 (CCPA 1978). . , ^ „ 
Claims 68 and 69 are rejected under 35 
USC §103 as being unpatentable over Mark 
'584 or Mark '585. 

These claims are directed to a therapeutic 
formulation which comprises an effective 
amount of the mutein of the present inven- 
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tion and at least one other anti-cancer or 
anti-viral compound, e.g., gamma-inler- 
feron. While Mark '584 and Mark '585 de- 
scribe such a therapeutic formulation, this 
description docs not appear in common par- 
ent Serial No. 06/486,162, This parent ap- 
plication only indicates that the synthetic 
mutein of IFN-/3 is useful for treatment of 
viral infections, and various types of cancer 
where interferon therapy is indicated. 

However, in view of the disclosed utility of 
the synthetic mutein of IFN-/3 as an anti- 
cancer or anti-viral compound in Serial No. 
06/486,162, it would have been prima facie 
obvious to one of ordinary skill in the art to 
use the disclosed synthetic muteins of IFN-i3 
in combination with other known anti-cancer 
or anti-viral compounds such as gamma-in- 
terfcron. In re Kerkhoven, 626 F.2d 846, 205 
USPQ 1069 (CCPA 1980). 

Any request for reconsideration or modifi- 
cation of this decision by the Board of Patent 
Appeals and Interferences based upon the 
same record must be filed within one month 
from the date of the decision (37 CFR 
1.197). Should appcilanls elect to have fur- 
ther prosecution before the examiner in re- 
sponse to the new rejection under 37 CFR 
1.196(b) by way of amendment or showing 
of facts, or both, not previously of record, a 
shortened statutory period for making such 
response is hereby set to expire two months 
from the date of this decision. 

37 CFR 1.136(a) does not apply to the 
limes for taking any subsequent action in 
connection with this appeal. 

REVERSED 

37 CFR L 1 96(b) 



Court of Appeals, Federal Circuit 

In re Iwahashi 

No. 89-1019 
Decided November 7, 1989 

PATENTS 

1. Patent grant — Inventions patentable 
(§105.05) 

Assertion that claim includes or is directed 
to algorithm does not automatically require 
finding that claim is directed to non-statu- 
tory subject matter, since 35 USC 101 ex- 
pressly includes processes as category of in- 
ventions which may be patented* and since 
every step-by-step process, whether it is elec- 
tronic, chemical, or mechanical, involves al- 
gorithm in broad sense of term. 



2. Patent grant — Inventions patentable 
(§105.05) 

Fact that apparatus, in claim for auto- 
correlation circuit for use in pattern recogni- 
tion, operates according to mathematical al- 
gorithm does not itself render claim non- 
statutory under 35 USC 101; rather, 
showing, when claim is analyzed as whole, 
that algorithm is implemented in specific 
manner to define structural relationships be- 
tween claim^s physical elements warrants 
finding that claim is directed to statutory 
subject matter. 



Appeal from the U.S. Patent and Trade- 
mark Office, Board of Patent Appeals and 
Interferences. 

Application for patent, serial no. 454,022, 
filed Dec. 28, 1982, by Hiroyuke Iwahashi, 
Yoshiki Nishioka, and Mitsuhiro Hakari- 
dani, for autocorrelation circuit for use in 
pattern recognition. From decision rejecting 
claim, applicants appeal. Reversed. 

Charles Gorenstein, of Birch, Stewart, Ko- 
lasch & Birch (Michael K. Mutter, with 
him on brieOi Falls Church, Va., for 
appellant. 

John C. Martin, associate solicitor (Fred E. 
McKelvey, solicitor, with him on brieQ, 
for appellee. 

Before Nichols, senior circuit judge,* and 
Rich and Bisscll, circuit judges. 

Rich, J. 

This appeal is from the decision of the 
United Slates Patent and Trademark Office 
(PTO) Board of Patent Appeals and Inter- 
ferences (board), dated May 24, 19S8, ad- 
hered to on reconsideration, affirming the 
examiner's final rejection of the single claim 
of applicants* patent application serial No. 
454,022, filed December 28, 1982, entitled 
"Auto-Correlation Circuit for Use in Pattern 
Recognition." The sole ground of rejection is 
that the subject matter claimed is nonstatu- 
tory under 35 U.S.C. §101 because it is 
merely a mathematical algorithm. We 
reverse. 

The real party in interest, according to 
appellants* brief, is Sharp Kabishiki Kaisha 
(Sharp Corporation). 



• Judge Nichols heard oral argument but, due 
to illness, did not participate in the decision. 
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-Coxirt of Appeals, Federal Circuit 

Alias Pnwdcf Company v. 
E.I. Du Pom De Nemours k Company 

No. 84-504 
Decided Dec. 27, 1984 

PATENTS 

1. Specification — Sufficiency of disclo- 

sure (§62.7) 

Ifsc of pmphciic examples docs not auio- 
matirrilly make p*Mcn( noncnabling, burden 
Ijcing on patent challenger in show by clear 
i\nti it>nvindnR evidence ihai prophetic exam- 
pir?! together with spcciruation's other parts 
arc noncnabling. 

2, Infringefneni — Substtiuiton of equiv- 

alents — Basic, improvement or paper 
palcni (§39.753) 

Where aau&ed has appropriated material 
features of palcni. infrin^mcnt will he found 
even when those features have been supple* 
menicd and madinc<l to xurh cxicni thai ac- 
*usi'tl may \k cniiilcd to patent for 
iinprnvrmciU. 

J. Infrtngemcnt — Substitution of equiv- 
alents — In general (§39.751 ) 

I'.iicnice ihai w.is unable rifrciivcly lo use 
pr(»duM ihai accused suiTcssfully developed, is 
nm csiojiiKtd from axseninf^ infringement on 
tcniivalincc theory, since f;Kus in assessing 
equivalence is on whether a(x.tjse(1*$ produri 
IKTforms suhsiantially same a$ claimed prod- 
uti in funriion. way and rcsuh, and not on 
patrnice*s ahilily to devise ]}r{»dun equivalent 
10 paimted pniriuct. 

PaaieuJar patents — Explosives 

y447,07ft, Rluhm, Ammonium Nitrate 
Kmulsifin Blasiint; Agent and Meihnd of Pre- 
paring Same, decision Imiding claims 1-5, 7, 
12-14, and 16-17, valid and inffinecd! 
allirmed. 



Appeal from Disirici Court for the Norih- 
USPqT'>6 Higgcnboiham. J.; 221 

Anion by Alias Powder Company, against 
E.I. Du Pom De Numours & Company, and 
Alamo Explosives Company. Inc.. for patent 
tnfringemcni, in which defendant counier- 
claims fur dcclaraiion nf patent invalidity, 
rrom Jud|»mcni for plainiifr. defendants ap. 
Pcai, AfHrmcd. 



Garland P. Andrews, Roy W. Hardin, David 
L. Hiichcock, and Richards, Harris & 
Mcdlock, all of Dallas. Tex., for plaimiff. 

Stanley Necly, and Lockc» Pumcll, Boren, 
Lancy & Neely, boih of Dallas, Toe., and 
Lawrence F, Scinio. Ncls T. Lippcn, and 
Ficrpairick, CcHa, Harper & Scinto, all of 
New York, N.Y,, for defendants. 

Before Markey, Chief Judge, and Baldwin 
and Miller. Circuit Judges. 

Baldwin. Circuit Judge. 

This IS an appeal by E. I du Pont De 
Nemours fit Co, and iis customer Alamo 
Explosives Co., Inc. (colleaivcly, ''Du 
Pom*'). The appeal is from a final judgmcm 
of the United States Diiiirict Coun for the 
Northern District of Texas holding product 
claims 1*5, 7, 12-14, and 16-17 of U.S. Pat- 
ent No. 3.447.978 v'978 patent), issued to 
Harold Oluhm on June 3, 1969 and assigned 
to ihc Atlas Powder Co. ("Alias**), not invalid 
under 35 U..S.C. §§ 102. 103. and 112, not 
fraudulently pmrured, and Infringed. We 
affirm, 

Bacltgrotmd 

The district cnun opinion, reported at 588 
F.Supp, 1455, 221 USPQ 426 (1983), con- 
lains a detailed description of the facts, famil- 
iarity of which is presumed herein. 

Brielly, the '978 patent relates to blasting 
agents, i.e., chemical mixtures that arc rela- 
tively insensitive to normal modes of detona- 
tion but can be made to detonate wiih a high 
sirengih explosive primer. By the mid-1960 s, 
blasting agents consisted of two major types; 
**ANFO'* and *'waicr-containing." 

An "ANFO*' blasting agent comprised a 
mixture of particulate ammonium nitrate, 
usually in the form of small round aggregates 
known as *'prills.*' and fuel oil (e.g., dicsel 
fuel). They were widely used in mining and 
consiruciion because of their low cost, case of 
handling, and ability to be mixed ai the blasi 
site rather than prepackaged at the plant. 
However, 10 work properly they could be 
used only in "dry" holes (without water) 
because water desensitized the mixuire, ren- 
dering it nondetonable. 

A "waicr-eomaining" blasting ageni, 
which was water resistant, generally com- 
prii^cd a slurry of paniculaic ammonium ni- 
trate (or other oxidi2ing salt), a solid or liquid 
fuel, at least 5 pcrccni water, and, as a 
sensitizer to increase explosive power, cither a 
high explosive such as TNT or a chemical 



410 



Atlas Pcwder Co. v. E.I. Du Pnni Ot Nemours & Co. 



224 USPQ 



such as niiric acid. Often, a gelling agent was 
added, panicularly in ihc chemical sensitized 
slurries, lo prevent the scparaiion of sehsiiiz- 
crs from slurry by forming a gel (a colloid in 
which ihc disperse phase has combined wiih 
the continuous phase to produce a viscous, 
jclly-lilcc produci). The use of sensitizers in 
water-coAiaininq blasting agents made prep- 
aration and handling more di/Hcuh and dan- 
gerous and« hence, more costly. 

Before the '978 invention. Atlas manufac- 
tured a gelled slurry blasting agent called 
Aquanitc, based on U.S. P.iirni No. 
3,164,503. issued to Gehrig and a.^signed to 
Alias. Aquanite used as a scnsiuicr nitric 
acid, which was highly rauslic to skin and 
clothing and tended to separate nut of ihe 
product even in the presence of a gcllint; 
agcni, I hereby reducing the product's stability 
and shelf life. Also, Aquanite was '^hypergo-, 
lie," i.e., it ignited w<M)d, coal and various 
chemicals upon contact, which was suspected 
of cauMng the blasting agent to drton.ur 
prrm.nurcly. 

Pic Imcfitwn 

In 1965, Ati;is assigned Harold Bluhm lo 
investigate stabilizinf* its Aquanite gel. 
Bluhm experimented with various "^rmul- 
sions" thai did not contain niiric acid or :i 
gelling agent. (An emulsion is a stable mix- 
ture of two immiscible liquids; a "water-in- 
oil" emulsion has a continuous oil and discon- 
tinuous acjucous phase; an *%iil-in-w;itcr*' 
emulsitm ts the reverse.) fn early 1966. 
Bluhm formulated an intimately mixed wa- 
ier-in-<»il, wiuut resistant emulsion blasting 
agent. The product was scnsiiired with cn- 
trapp^cd air rather than high explosives or 
chemicals .ind is the subject matter of ihc 
claims at issue. Rcprc^^cntaiivc i.s Claim 1 : 

I. An emulsion blasting agent ctmsisting 
essentially nf: 

an aqueous solution of ammonium ni- 
trate forming a discontinuous emulsion 
phase; 

a carbonaceous fuel forming a continu- 
ous emulsion phase; 

an occluded gas dispersed within said 
emulsion and comprising at least 47o by 
volume, thereof ai 70** F. and atmospheric 
prrssurc; and 
a waicr-in-oil type emulsifying agent; 
said carbonaceous fuel having a eon.<;i%- 
lency such that said occluded gas is held in 
said emulsion at a temperature of 
Claim 1 is the only independent claim in suit. 
The other, dependent claims describe various 
ingredients, such as miserosphcrcs for the 
occluded gas. additional fuels (e.g., alumi- 



num), specific ranges of ingredients, and var- 
ious properties of the blasting agent. 

Dh PnnCs AcnviUcs 

Ou Pont sold a gelled slurry blasting agent 
until the latter pan of the 1970's. In 1976, 
Du Pont formed a team to study the feasibil- 
ity of an emulsion blasting agent. The team 
succeeded in making a watcr-in-oil emulsion 
hUiiting agcm which Du Pont began making 
and selling in August 1976. Atlas sued for 
infringement in Detrmbcr 1979, 

Vie Diurul 
Court Procttdings 

A non-jury trial was held between January 
28 and Fehruar>- 2. 19B2. Du Pont asserted 
invalidity of the '978 patent under seaions 
I02(a)» 103. and 112, "fraud" on the Patent 
and Trademark Office (PTO), and nonin- 
fringrmrnt. The district court rcjnted those 
assertions for ihr pmduct claims at i,ssur, 
holding that; (1) the cUimcd invention was 
not amiripatod by the prior art; (2) the 
claimed invention would not have been obvi- 
ous in view (»f the prior art; (3) the claims 
were mi invalid for the patent's failure to 
comply with the "best mode." enabU-ment, 
and "overclaiming*' requirements of 35 
LL,S.C, §112; (4) the patent was ntn procured 
by ''fraud" on the PTO; and (5) Du Pom's 
products infringed the claims under the doc- 
trine of equivalence. On appeal, Du Pom 
t^micsts ihtis<- holdings, except for the one on 
bc.<;t mode. 

The district a>uri denied Atlas increased 
damages and attorney fer-s because Du Pom 
had not willfully infringed the '97ft patent 
claims and the case was not ''exceptional.*' 
The di.strin court also held that produci 
claims 6, 13, and IS were not infringed and 
that process claims 18-30 were invfilid. Atlas 
has no* appealed those holdings. 

Issues 

(1) Whether the district court was clearly 
erroneous in finding the invention of the 
patent claims ai issue not anticipated by ihc 
prifir art. 

(2) Whether the district court erred in 
holding that the invention nf the patent claims 
at issue would not have been obvious. 

(3) Whether the disiria court erred in 
holding the patent claims at issue not invalid 
because of nonenablemcnt. 

(4) Whether the disiria court erred in 
holding no **fraud*' on the PTO; i.e.. no 
inequitable conduct. 
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(5) Wheiher ihe dislria cAun was clciirly 
ermncfius in frndint; \Wm Du Pom's products 
infi'inged \hc '078 claims under ilie donrinc 
of cquivalenii:. 

Opinion 



/, .Standard nf f^cvu'W 

The burden is (m Du Fom, as ;i(i(irll;ini, lo 
rsiaUtish ihni ihc diMrici aiuri*s uliiin.iic fan 
lindini^K (ci;., aniiclpaiion. infrln^cmcm) 
WW dourly rmmcous. th.ii ihc disiria 
niurrs legal ctmdusions (e.g.. ^103 obvious- 
ne:frf. 1 1 2 rnaljlrmcni) were erroneous, or 
ih;u ihc rindinf;s undcrlyinj* ihc uUimiUc 
(inriinps or rtmclusidns werr doarly errone- 
ous, 'llir *Mr;irly ernim-oiK" Miuuhinl is 
islietl if wr are Icfi wiiU ilie iirm nmvirlion 
(hat cmr h.as hern (Yirtwniiird. .See. e.i;.. 
Raytheon (ai. v. Rojmt Ccirp., 724 I'\2d OM 
220 VSPQ .SV2, S9^. (led. Cir. \mi 
im. denied. S} U..S.L.W. ^255 (V.S, On. 2 

11. Prt'MiinfUtnn (if VnluUty 

limlcr \S i:.S.c:. <i2K2, a paieni is prr- 
NUHH'd valid, and ilu: one auadtini^ validity 
lias die l)urdrn of provini^ invalidity liy dear 
and rtinvmdnt: cvidrmv. Sec. ca;.. Aineriean 
lloisi & Derriek Cw. v. Sown ki. Sons. Ini., 
725 I '.2d 1350, 130(1, 22(1 USI'Q 7f.3. 770 
(l r<L Cir. Vm\ ivn, denied, S3 l^S.LW 
3225 (i:.S. On. 2, I^Ha). In thai rt-^Mnl, the 
dl^t^i(^ eoun uunnuiied an error. 

Afier iitrreeily statint; that the prcsunipuon 
<»l validity must he ovcreomc with dear and 
etmvinrlnf; evidener. the di*iirin itjun siaied 
that, if jxrtiocni pri«»r art were n<« died to 
the PTO. as was ihe e;we here, the prcsun»|)- 
lion h weakened and Du Horn must prove 
invtilidiiy by only a prepondrranec of the 
evidence. Thai is inrorren. 'I'hou^h ihc iniro- 
dueiJnn of prior ari noi U-fure ihe PTO may 
fa nil tale meeunj? ihe ehallenv;er's ability to 
ineei the burden of prwjf on invalidity, the 
preiiumpuon rcfoains inwui, the bunlcn td 
(MTsuasion remain*! on the ehallrneer. and ihc 
riear nnd t-onvineini;" Maiulard does not 
rhantjc. See, e.t;., Jervis \\, Webb Co, v. 
>i*»uhcrn Systrnls. Inc.. 742 F.2d I. 388, W)'* 
& n.4. 222 LSPQ <)43. 045 & n.4 (Fc<l. C:ir. 
I0f}4}; Straioflcx. inc. v. Aert»Quip Corp. 7I3 
l*.2d 1530, 1534. 2lft U.SPQ «7i. 87.5 (FH. 
f:ir I0H3). 

ITic error, however, was barmlcss. Indeed, 
n helped Du Pont ai trial by lowcrint! the 
Mandard of pn»of needed to prove its caic. 



Kvcn wiih ihe lower standard. Du Poni was 
unable to succeed. 

/// Anticipadort 

The district counts determination of no 
ant in pat ion was a fnciual one that should be 
reversed 'inly if appcilani shows that ii was 
dearly erroneous. Sec. e.g., Lindemann Ma- 
ihincnfabrik C/MHII v. American Hnisi & 
Derrick U.. 730 K.2d 1452. 1*58, 221 
USPQ 481. 485 (Fed. Cir. 1984), Du Pom 
aticmpt.s tt> satisfy its burden by arguing thai 
U.S. Patent No. 3. K> 1.55 1, lo Egly, rt ai.. 
antieipated Ihc daimed invcniitm. We con- 
dude, however, that the dlsirier court's find- 
ing iif no amicipation was not clearly 
rrrt>neous. 

I'-fily. which Du Pont referred to ai oral 
.»rji;unieni as ihr *Vh)SCSi prior ;irt.*' describes 
an emuUion of annnonium ititratc. waiter, fuel 
oil, and wuter-in-oil rmul^ufying ai;enL. 
Thou^;h K;;ly teaches ilic prcs<'n<t of solid 
.ininioniiini nitrate prilh as an c.<}:cmial in- 
i^reilieai, Dti Pom ari^ucs that the '076 
datn\s, because of the phrase *\^)nsisiini; cs- 
K*ni tally <>f,^' docs not exclude the presence of 
tIio.se prills. See, v.^.. In re Ilcrz, 537 F.2d 
549. 551, 190 U.SPQ 461. 463 (CCPA 1976); 
In re Jan:ikir;nna-Kao. 317 F.2d 951. 9S4, 
137 USPQ K93. H96 (CCPA 1063). Du Pom 
is corral. However, ihe district court found 
ih.ii E^\y "doc.'; not mention nir or jyas as an 
ini^redirni in their explosives" and occluded 
.iir is an element of the claims. Menec. there 
js no aniicipmicm under §102, ljecaii.se the 
c.tdusion ol a claimed dcmeni from a prior 
art reference is enout^h to ne^jaic anticipation 
by that rcferen*r. Kalnun v, Kiml)crly-Clark 
Corp.. 713 F.2d 760. 771-72, 218 USPQ 781. 
789 (Ped. Cir. I9B.3). 

I>ii Potu as.KCiis that iJluhm nmeeded in 
answer to an intcrr<tj;.nory thai the first re- 
duction to practice of ihr claimed invention 
w.is on January 14. 1966, and that Mr. 
Blutim s noidwKik Nhow.< the aimposition pre- 
parc^l on that date lo he identical to Ei*ly\* 
i.e., an emulsion without oivludcd .lir. Be- 
cause the first n-duciion to practice was iden- 
ti<al 10 Ft;ly's produn. Du Pont argues, the 
daimrd invrniinn is anticipated by Ejrly. At- 
las art^ues thai the notebook entry reveals that 
(Hcluded air was present in the tximpostiion 
prcp:ired on January- H. 1966. and hence, 
the lirst reduction ui pranice was not identi- 
cal to Iv^Iy's composition. At Us appears to be 
airreti bui. in any event, the district counts 
anticipation analysis properly focxiscd on the 
daimed invention, which includes occluded 
air. mu on Atl;»s* rharaacrizaiion of the Jan- 
uary 14, 1966 c:(per(mcnt as ihc first reduc- 
tion to pructiix. 
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IK Obvtousness 

Though an Invention is noi an lici paled by 
35 U.S.C. §102, a patent should not issue if 
ihc dilTcrcnces bciween ihc claimed invention 
and prior an are such that ihc invention as a 
whole would have been obvious to one of 
ordinary slciJI in the art at the time the 
invention was made. 35 U^.C. §103. In as- 
sessing nonobviousness a court should answer 
certain factual inquiries: (1) the scope and 
content of ihe prior art; (2) the level of 
ordinary skill in the art; (3) (he difTerenccs 
between the claimed inveniion and the prior 
art; and (4) so-callcd "secondary** considcr- 
anons. e.g., long felt nccd» uncxpcacd results, 
commercial success. Sec. e.g., SiraiofleK. Inc. 
v. Acroquip Corp., 713 F.2d at IS38, 218 
USPQ at 676; Simmons Fastener Corp. v. 
Illinois Tool Works. Inc., 739 F.2d 1573. 
1575. 222 UPSQ 743. 746 (Fed. Clr. 1984). 
The "secondary** considerations, when 
present, may assist the court in determining 
nonobviousness without fallin;;; prey to hind- 
sight reasoning. 

Here, the district coun m^dc fmdings cm 
the conirnt of the prior an, ihc level of 
ordinary skill in ihc an. the di(Terencc$ be* 
iwccn the prior art and the claimed invention 
as a whole, and then concluded thai ihe 
claimed invrntion was nonobvious. Du Pom 
has noi shown error in the legal conclusion of 
nonobviou?;ncs.<;. or ricar error in ihc undcrly* 
ing fmdings. 

Conicnt tif thr Prwr Art and Differences 
Deiwctn J( and the Claimed Inuentwn 

In addition to Egly, discussed above, the 
distria aiun considered several paienis and 
articles. 

Atlas* Gehrig patent describes a blasting 
agcni containing particulaie ammonium ni- 
iratc, ^ solution of nitric arid in water, and 
fuel Oil. Though the mixture may be an 
emulsion, the primary thrust of Gehrig is 
using a gel. Gehrig notes thai, when an 
emulsion is used, the product quickly sepa- 
rates inio its various components. Gehrig rec- 
ommends that the emulsion be used wiihin 24 
hour:; lo avoid separation. The gel form is 
considered desirable to stabilize the produa 
for storage. 

The claimed invention differs from Gehrig 
because Gehrig requires nitric acid as an 
essential ingredient. The '978 claims exclude 
the presence of niiric acid because the essence 
of the claimed composition is the elimination 
of niiric add and the claim phrase "consisting 
essentially of excludes ingredients that 
would "materially afTcct the basic and novel 



characierisiics" of the claimed composition. In 
re Herx, S37 F.2d at 551, 190 USPQ at 463; 
In rc Janakirama-Rao, 3l7 F.2d at 954, J 37 
USPQ at 895. 

Gehrig does not leach substituting niiric 
acid with air to sensitize the product. Though 
it suggesu the use of microballoons containing 
air as a 5iabili2er, it also discusses heating the 
produa to remove entrapped air, 

U.S. Patent No, 3,052,578, to Davis, de- 
scribes a blasting agent comprising a blend of 
fuel oil and ammonium nitrate poured over 
solid amnrujnium nitraie. An oil-in-waier. not 
waier-in-oil, emulsifying agent is suggested to 
disperse the fuel. Though an emulsifying 
agent is used for dispersing purposes, the 
reference docs noi discuss forming an emul- 
sion, and it docs not suggest use of occluded 
air. 

Two papers by Coxon relate lo water resis- 
unl blastmg agents. The first describes a 
waicr-in-oil emulsion of fuel oil and ammoni- 
um nitrate poured over solid ammonium ni- 
iraie. The second is similar, but prefers an 
oil-in-water emulsifying agent. Neither paper , 
teaches the presence ofoccludcd air; instead, 
the blasting agent requires solid ammonium 
nitrate. Thus, both Goxnn papers, as well as ' 
Davis, are similar to Egly. 

U.S. Patent No. 3,004,842, lo Rowlinson, 
describes melting solid ammonium nitrate 
and milting it with fuel oil and an emulsifying 
agent to form a solid blasting agent, A small 
amount of water may be added to reduce ihc 
mcliing point of the ammonium nitrate. 
Foaming agents can be added to increase the 
produn's sensiiiviiy. 

U.S. Patent No. 3,453.158, to Clay, de- 
scribes a gel or thickened slurry conwining 
aqueous ammonium nitraie, a gelling agent 
or thickener, air bubbles serving as a sensitiz- 
er, and paniculate fuels or sensitizers. The 
district coun found that Clay does not use an 
emulusion, let alone a wd(er-in-oil emulsion, 
and that Bnding has not been shown to be 
dearly erroneous. 

Level <tf Skill in the Art 

The district coun found that the person of 
ordinary skill in the an would be one skilled 
in the an of explosives formulation, having 
knowledge of and experience wiih the chemi- 
cal and physical propcnics of explosives. The 
person should be a chemisi or chemical engi- 
neer with at least a bachelor's degree and 
several years of praaical experience. Also, he 
or she should have a working knowledge of 
the principles of emulsion chemistry as ap- 
plied to explosives formulation. 
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^'St^ondary*' Conudtrattons 

The disirici aturi siaicd thai, in light of 
"substantial dinercmxs** between the prior 
an and the product claims, it is not necessary 
10 consider secondary factoni, though ihcy 
wer« raised by Atlas. Hence, thf disiria 
court s opinion docs not contain a set-tirm on 
''secondary criicria" or otherwise attempt to 
identify such criicn;i under the label. Never- 
theless, the district coun Tound that "jilhe 
Bluhm patent solved the pmblcm of (indine a 
Wilier rcsisicm ANFO blasting aj^rm thai Hid 
mn renujrc <-hrmi<T»l sensitizers.*' Moreover, 
the district et»un in essence found that the 
solution to (he problem was unexpected. 

Though ihc priornn describes waicr-in-oil 
emulsions containinj; dissolved ammonium 
niir.-nc* fuel oil» and a wiiicr-in-<Ml rmulsify- 
inj; .i^rnl, the district court found lh;il iht* ;tn 
does mil suegcsi (hat the emulsion itNclf ran 
serve as a Uhsiinf; agent. Kffjy. for example, 
teaches that surh an emulsion • ^ wiihmn 
nrcludcd air — serves as a srnsiii/cr %\m * ;»n 
lir fKiurcd over solid ammonium niir.nr in 
f(»rm a Iilastinj; «t;cnu Gehrig loaches ih;»i the 
emulsion serves as a blasting aijcnt only in t)ic 
presence of nitric arid. 'l*hat the Kgly 'irnsiiiz- 
cr iisclf serves as a blasting; aijeiu when oc- 
cluded iiir is added, or that ihc (Jchrig blast - 
ini; ai^cni niuld serve in that capacity wit hi mi 
niirir acid, was unexpected. ThouKh oreluded 
air was recognized as an ingredicni ihai could 
be included in blasting agent cotnj)osiiiims. 
e.g., to stabilise the nitrir acid containing 
produri of CJchrig, the dislrin murl found 
ih.n ihe references simply did not learh *\hai 
aeration can substitute for chemital jirnjiiii/- 
ers (e.j;., niiric aeidj in slurry explosives or 
that a waicr-in-oil emulsion is the most clli- 
cieni system for entraining air," 

Moreover, the district ciiurl found (nnd il 
has not been shown to be clearly erroneous) 
that the references cited by Ou Pont drem* 
phasizr oHudcd air in emulsionii and, hence, 
leach away from the imponancc of aeration. 
Kgly and Davis do not mention air or gas .is 
an ingredient in ihcir explosives, and i)nc of 
the Coxon pa|)crs teaches thai dcionation per* 
formancc may be improved by using cmukifi- 
ers to eliminate frothing (air) from explosives. 

(Imdumn on NonoOmouineM 

In light of the difTerenccs between the 
claimed invention and prior an, the 078 
suluiion to a troublesome problem, :md the 
uncxpeaed result ih.-\t a wRicr-in-oil emul- 
sion of ammonium nitrate, fuel nil. and a 
water*in-oiI emulsifying agent can serve as a 
blasting agent In the presence of ocrludcd .lir, 



we agree with the district counts conclusion 
of nonobviousncss. 

Du Pont argues that it would have been 
obvious in 1966 to leave the nitric acid sensi- 
tizer out of Gehrig^s slurry, intimately mix 
the fvicl oil and ammonium nitrate, and sensi- 
tize the produa in some other way, e.g.. with 
air. We agree with the district court, howev- 
er, that neither Gehrig nor the other prior art 
suggests those <-hanges to obtain an emulsion 
blasting agent. As stated by the distria court: 
It is quite a leap from recognition that dry 
ANFOs could be sensitized by aeration to 
realization thai if an ANFO slurry was 
placed in the proper form of a water-in-oil 
emulsion and aerated, it would not require 
chcmi<-jl scnsiii^rs for dctonability. This 
leap would not have been obvious in 1966. 

Tiic district court rejected Du Pom's argu- 
ments of "overly brond." "overclaiming/' and 
"non-cnablcmcnt/' and its argument thai the 
broad scope of the claims is not supported by 
the limited di:;cl<»sure present. In essence, 
those arguments arc one: the '978 di.<closure 
docs not enable one of ordinary skill in the an 
to maUc and use the claimed invention, and 
hence, the cl.iimed invention is invalid under 
.IS U.S,a §1I2JK 

To be enabling under §112. a patent must 
coni;itn ;i description tha* enables one skilled 
in the art to make and use the claimed inven- 
tion, Raytheon Co. v. Roper Corp,. 724 F.2d 
at 960, 220 U.SPQ ai 599. That some cxpcri- 
mcnialion is necessary docs not preclude en- 
ablcmcnl; (he amount of experimentation, 
however, must not be unduly extensive. See, 
e.g.. W.L. Gore & Associates! Inc. v. Garlock, 
Inc.. 721 F.2d 15-10. 1557. 220 USPQ 303, 
316 (I'Vd. Cir. 1983), ccn. denied, S3 
U.ii.LW. 3226 (U.S. Oct. 2, 1984); In re 
Angsiadt, S37 F,2d 498, S03, 190 USPQ 214. 
218 (CCl'A 1976). Determining enablement 
is J question of law. Raytheon Co. v. Roper 
Corp.. 724 l'.2d at 959-60, 220 U.SPQ at 
599. 

Du Font argues that the patent disclosure 
|i:;t$ oume^nu^i k.iIik. fuels. nt\d emulsificrs 
thai could form ihuusands uf emulsions but 
there is no commensurate teaching as to 
which combination would work. The disclo- 
sure, aixfirding to Du Pom, is nothing more 
than a list of candidate ingredients'* from 
which one skilled in the an would have to 
select and experiment unduly to find an oper- 
able emulsion. 

The district coun held it would have been 
impossible for Bluhm to list all operable 
emulsions and exclude the inoperable ones. 
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Further, ii found such lisi unnecessary, be- 
cause one skilled in ihe in would know how 
10 sclca a sak and fuel and ihen apply 
"bancrofl s Rule" lo deierminc ihe proper 
cmulsiHef, Hancrorrs Rule was found by the 
disiriei eourt to be a ^*b;isic principle of emul- 
sion chemistry/* and Du Puni h;i$ not shown 
th;u finding to be clearly erroneous. 

Wc agree wi\h ihe disirici court's conclu- 
sion on enablemeni. Even if some of ihc 
claimed comblnaitons were inoucraiive, ihc 
(-l;iim.<> arr noi necessarily invalid. is noi a 
funciifin of the daims lo specifically exclude 
' * ■ ptKsible inoperative xuhstamrs • • • 
In re Dinh-Nguycn, 492 F.2d 856, 858-59. 
181 U.SPQ 46. 4S (CCPA 1974) (cmi)hasis 
rimiucd). Aaord. In re Gecrdcs, 491 F^d 
1260, 1263. 180 USPQ 789, 793 (CCPA 
1974); In rr Anderson. 471 F,2<l 1237, 1242. 
|76 USPQ 3.M. .V14-3S (CCPA 1973). Of 
course, if ihr number of imipcruiive iombin;i- 
lions iH'comrs si|;ni(K*ani, and in cifcn forces 
one of onlin;iry idctll in ihr an to cxprrimcni 
unduly in order to pracli<*e ihc rbimed invrn- 
lion. Ihr cl.ums mif;hi indeed l>e invalid. See, 
r.c., Ill rr Cook. 439 K.2d 730. 735. lOO 
USPQ 29ft. 302 (CCPA 1971). Thai, howrv- 
er. has r\ux licen shown lo he ihc caiC lure. 

Du Pont contends that, beiausc the '97 H 
examples arr "merely prophetic " they do not 
aid one skilled in ihc art in makint^ the 
invrniion.* Hn aiisc I hey arc prophetic, ar* 
gucs Du Pent, ihtTc ran br no ^uaranirc ih;ii 
the exainplcs would aciuuUy work. 

(1| Use of |>rophcii(' rxnmpirs, however, 
docs noi automatically make a pjieni non- 
cn;d»lint{. The burden is on one challenjt^ing 
viditlity lo show by dear and ronvincinj^ cvi- 
dcniY thai ihe prophcitc cx;implrs io};ethrr 
with tuher pans of the upccidcation are not 
cn.'iblint;. Du Pom dirt not mcei lhai burden 
here. To the itmirary, the disiriii court found 
thai ihc "prophetic'* examples of ihc spccill- 
cniitm were based on actual experiments thai 
were slii^litly modified in ihc patent lo relleci 
whai the inventor believed to be optimum , 



'Tlu* ITO .\I.uiu.*l uf l\ncnt lix.nnininj; IVn- 
mlmr (MPKP) §OOM.U|(|)KU) (Slh C(J. IW). 

Siniubird ur pfcHinnl un rrxuhi ;ind pntphni- 
v.\\ ex.! 10 pi PK (|t.i|>rf rxamplcx) iirr (K-n niuni in 
(iai«*n» Mppliuniitn*. Workinj^ cKanipk-K ciirrc- 
<in*nd to w<irk «taually |Kr(<irmcd and may dc- 
M-Tibi* ic'^it which have aaually l>cen c(indueied 
«m(l louli) that wrrt: jthtcvcd. Pj|x:r examples 
dcsmlK' ihe m.irtner and prtHtK* »f ni/^king .m 
rmlMxJin\cnt df the iovrniion whicll hits not actu* 
jlly l>im tnn<iiHii*d, Pajicr examplcN shnuKI not 
lie irpri->cninl as wurit aaually done. Ptipcr 
cKumptrt ^KiHjld nut be descrihcd u^in^ the past 



and hence, they would be helpful in enabling 
someone to make the invention. 

Du Pont ar);ues that of some 300 expcri- 
mcnis performed by Alias before the filing of 
the '978 paicm application. Atlas* records 
indicaicd that 40 percent failed ''for some 
reason or another." The district court agreed 
ihai Atlas' records showed 40 percent 
''failed/' buc found ihat Atlas* Ustins of an 
experiment as a "failure** or '\msaiisSciory*' 
was misleading. ExpcHmcms were designated 
"failures.'* the district court found, in essence 
because ihry were noi optimal under all con- 
ditions, bat such optimality is not required 
for 0 valid patent. Decca Ltd. v. United Staes, 
544 p.2d J070, 1077, 191 USPQ 439. 
444-45 (Ct. CI. 1976). Accord. E. I. du Pom 
de Nemours & Co. v, Berkley & Co., 620 
F.2d 1247. 1260. 205 U5PQ S. 10 (8ib Cir. 
mO). Cf. Raytheon Co. v. Roper Co., 724 
P.2d at 958, 220 USPQ ai 59B. l*hc district 
rouri also found that one skilled in the ;iri 
would know how lo modify slightly many of 
those "failures to form a better cmuliion. Du 
Pont ha.*; not persuaded us that the district 
fouri was clearly erroneous in I hose findings. 

Du Pont n!i.scru thai Atlas was able to 
produce suitable emulMons with only two 
rmulsilicrs. "Atmos 300" and **$pan flO/* and 
ihcrcf(»re. the disclosure should be construed 
to read upon only those two emulslfiers, 
However, Du Pom did not prove ihai the 
other disclosed cmulsifiers were inoperable. 
The district court credited testimony by Alias' 
expert, Dr. Fowkcs, to the effect that he had 
suu^ssfuUy formed a number of detonable 
emulsions usinf; a variety of cmulsifiers speci- 
fied in the '978 patent. Further, the distrin 
court found thai one skilled in the art would 
know which emulsifiers would work in a 
given system. Indeed, the district court found 
that Du Pout's own researchers had little 
difficulty in making saiisfactory emulsions 
with the emulsifying agents, salts, and fuels 
listed in the '978 patent. Those findings have 
nut been shown to be clearly erroneous. 

In sum, wc conclude that Du Pom has 
failed 10 show thai the district coun erred in 
determining enablement. 

yf. Ifttquitabli' Conduct 

This court has held *1ne<iuitablc conduct** 
in the PTO to be a more appropriate label 
than "fraud.** J. P. Stevens & Co. v. Lex Tex 
Ltd.. Nos. 84-754.-761. slip op. at 9. 223 
USPQ 1089. 1092 (Fed. Cir. Nov. 9. 1984). 
Hence, this opinion will use the phrase "in- 
equiuble t^onduci" rather than "fraud/* 

Inequitable conduct requires proof by dear 
and convincing evidence of a threshold degree 
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of maicrialiiy of (he nondisrloscd or false 
informaiion. Thai ihrcshold can be estab- 
lished by any of four lesis: (1) objeciive "but 
for"; (2) subjcaivc "bui for", (3) "bui i; may 
have becn^*; and (4) 37 C.F.R. § 1.56(a), i.e., 
whether there is a subsiamial likelihood that 
a reasonable examiner would have considered 
the omiticd or false informaiion imporiani in 
deciding whether to allow ihc appticaiion ti> 
issue as a paicni. Slip op. ai 10, 223 USPQ 
1094-05. The PTO standard is ihe appropri- 
ate suriing point because it is the broadest 
and most closely aligns with how one ought to 
conduct business with the PTO. Id, 

Inequitable condua also requires pr<»of of a 
threshold intent. Thai intern need noi lie 
proven with direa evidence. It may be proven 
by showing aas the natural consequences of 
which arc presumably intended by ihr actor. 
Id. Pn»of of dclibcrair srhcming is n<»i need- 
ed; gross negligence ix sufficieni. Gross negli- 
gence is present when ihc acior knew nr 
should have known of the malcriality of a 
wiihheld rrfcrrmc. Id. at 11. 223 USPQ at 
1096. On ihc othrr hand, simple negligence, 
oversight or an erroneous judgment made in: 
good faiih Is insuDicicni. Id. 

()ni*c ihe thresholds of materiality and in-* 
leni are established as facts, the court musi 
balance them and determine as a maiirr of 
1,1 w whether ihc scales compri a 4:ont:lusion 
I hat ineqitabic it^nduct occurred. Id. If the 
n>un reaches that conclusion, il must hold the 
patent claims ai issue unenforrrahle, 

Du Pom argues that Atlas a>mmiiird in- 
ecjuiiablc ctjnduct by failing to tell the exam- 
iner thai the examples were "propheiic'* and, 
hrncc, in misleading the examiner inio brlirv- 
in«5 thai the examples were actually per- 
formed. However, the district court found 
that the ex^imples were written in the prcscni 
tense (0 <*onform with the PTO rcquircmrnis 
on prophetic examples. Moreover, the district 
court ft>und that all but one of the examples 
were based on aaual experiments and only 
slighilv modified to rcflcci the inventor's no- 
tion nf the most elTcciive formulation. Conse- 
quently, ihe district coun found, there was no 
intent on the part of Atlas to mislead ihr 
PTO. Du Pont has not shown those findings 
to be clearly erroneous. Even if intent could 
be inferred, and if the examples were pro- 
phetic but not disclosed to the examiner as 
such. Du Pont has not shown the nondisclo- 
sure to have been material, i.e.. important to 
an cxmincr in allowing the patent to issue. 

Du Pom asserts that Atlas' conduct cannot 
he distinguished from that in Grefco, Inc. v. 
Kewanee Industries, Inr., 499 F.Supp, 844, 
208 USPQ 218 (D. Del. 1980), aJTd wiihoui 
publ. opinion. 671 F.2d 495 (3d Cir. 1981). 
We disagree. In Grcfco. the patentee, to con- 



vince the examiner of the invention's superi- 
ority, presented **iest results'* based on tests 
that it knew never occurrcdi told the examin- 
er the invention had been successfully tested 
when it had twice failed, and withheld infor- 
mation about ihosc failures from the examin- 
er. Intent and materiality were clearly estab- 
lished in Grefco, and the court in weighing 
the two factors held that there was inequita- 
ble conduct. Thai is not true here. 

Du Pnnt .incurs thai Atlas did not disclose 
its numerous **failurcs'* and that it '*paddcd'* 
the disclosure with cmulsificrs it knew would 
not work. Tlic district coun, however, found 
that Du Pont fatM rn pnwc thai any of the 
rmulsiHtTs wrrc inoperative and the court 
found tliai the evidence on the "failed'* ex- 
(Krimcms was not dispositive* Du Pom has 
not shown any clear crnir on the pan of the 
disirici nmn m those findings. 

Du Poni also allrp's inequitable conduct in 
Atlas not disclosing to the examiner its 
Aqti;iniie (;cl. the commercial vcrsi<m of the 
inveniion of its Gehrig patent. Though the 
district court found Aquaniie to be "perti- 
nent." it found no intent in the nondisclosure 
hcc.tttsc Alias h:iH disclosed ihc Gehrig patent 
to thr examiner. Du Pom has not shown any 
dear rrnir in that Hnding. Cf. Vandcnherg v. 
Dairy F^uipmcm (V. 740 F.2d 1560. 1568- 
69. 224 USPQ 19.S (Fed. Cir, 1984). (Van- 
drnbrrg di.sclosed a PX-15 device as prior art 
but failed to describe it as its own prior 
invention; the disclosure was held to be incon- 
sistpni with ihc intent necessary for inequita- 
ble conduct). 

1 7/, !n frinjr^mrn I 



l.tUtal Infrinj^oiwnl 

Determining infirngemcni requires claim 
ainstruciion us a preliminary step. See, e.g., 
Fromson v, Advance OITset Plate, Inc.. 720 
F.2d 1565, 1569. 2l9 USPQ 1137, 1140 
(Fed, Cir. 1983). If properly construed claims 
read on the infringing product, there is literal 
infrintjcmL-ni. Id. at 1571, 219 USPQ ai 
1142. 

Du Pont*i blasting agents arc water-in-oil 
emulsions containing waicr, ammonium ni- 
intc, fuel oil, occluded gas. and an emulsify- 
ing agent. Unlike the claimed invention. Du 
Pont uses as ihe emulsifying agent sodium 
olcaie, which is formed in siiu by adding 
sodium hydroxide and oleic acid to the other 
emulsion ingredients. Sodium olcatc is nor- 
mally an oii-in-waier emulsifying agent but 
in the environment of the Du Pont produa 
(i.e.. a high salt concentration leading to 
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phase inversion), the sodium oleaic acts as a 
wawr-in-o>l emulsifying agcni. The Du Pom 
product, and ihc in silu process of forming i(, 
are the subjea of U.S. Paieni No. 4,287,100, 
issued to Owen and assigned to Du Pom. 

"Die districc couri construed ihc '978 claim 
lerm "watcr-in-oii lypc emulsifying agent'* as 
excluding compounds thai normally funcuon 
as oil-in-waicr emulsifying agents, e.g., sodi- 
um oleatc. That claim construction prompted 
the district court to find no literal infringe- 
ment. Alias does not contest that finding and, 
for purposes of appeal, we accept it and the 
underlying claim construction. 

Doctrine of Etfuivclcnts 

A product thai does not literally infringe 
can infringe under the doctrine of equivalents. 
Designed to protect a patentee from an in- 
fringer who appropriates the invenlion hut 
avoids the lileral language of the claims, the 
doarinc allows a finding of infringement 
when ihc accused product and claimed inven- 
tion perform substantially the same function 
in suhsiantially the same way to yield suh- 
sumially the same result. Graver Tank Sl 
Mfg. Co. V. Linde Air Products Co.. 339 U.S. 
605, 608-09, 85 USPQ 328, 330 (1950). 
Pcrkin-Elmcr Corp. v. Compuicrvision 
Corp,. 732 F.2d 888. 900, 221 USPQ 669, 
679 (Fed. Cir. 1984), cert, denied, S3 
U.S.L.W. 3226 (U.S. Oct 2. 1984). The 
district court found that the Du Pont products 
and the claimed invention are equivalent, and 
Du Pom has not shown ihai finding to be 
clearly erroneous.' 

The district coun's opinion clearly dclin- 
eaies the Graver Tank tripaniic test of sub- 
staniially the same funaion* way, and resuh 
but then, adopting an analysis found in 
Zicgler v. Phillips Petroleum Co.. 483 l'.2d 
858. 870. 177 USPQ 481, 487 (5th Cir.), 
ccri. denied. 414 U.S. 1079, 180 USPQ I 
(1973), focuses on the "function, purpose, and 
quality" of the emulsifying agents nf Du Pont 
and the claimed invention. That focus, argues 
Du Pont, was wrong because it ignored the 
Graver Tank tripaniic test. We disagree. 



^One of Du Porti'* pmduas includes Alumi- 
num, which is not present in repretcnialive claim I, 
h is. however, present in dependent claim 14. 
Moreover, the addition of an ingredient by Ou 
Pom does not necessarily avoid infrinRcmem of 
claim 1. See. e.g.. Radio Steel & MCr. Co. v. MTD 
Products, Inc., 731 F.2d 8iO, 849. 221 USPQ 657. 
663-64 (Fed. Cir 1984). cert, denied, S3 U.SX.W. 
3225 (U.S. Oct. 2, I9B4); Amnar C"rp. v. Enviro- 
tcch Corp . 730 F.2d I4?6, U82. 221 USPQ 649. 
653 (Fed. Cir 1984). 



Though Graver Tank aniculatcs the tri- 
paniic lest of "funciion, way, and rejuh," it 
also stales ihai the doctrine of equivalence 
should not be ihc prisoner of a rigid formula. 
Moreover, Cravcri which as here compared a 
claimed mixture with an accused mixture in 
which one ingredient of ihe claimed mixture 
was changed, siaicd: 
"Consideraiion must be given lo ihe pur- 
pose for which an ingredient is used in a 
patent, the qualities ii has when combined 
wiih ihe other ingredienis, and the function 
which it is intended to perform." 
Id. at 611, 85 USPQ at 331. 

Such consideration makes sense. Where, as 
here, ihc accused product avoids liicral in- 
fringement by changing one ingredient of a 
claimed composition, it Is appropriate for a 
court 10 consider in assessing equivalence 
whether the changed ingrcdicni has the same 
purpose, quality, and function as the claimed 
ingredient. If it does, the accused and claimed 
products should meet the Graver Tank tri- 
partite test of "function, way, and resuli." 

That ihe district court focused on the func- 
tion, quality, and purpose of the emulsifying 
agents docs not mean it ignored ihe basic 
tripartite test which it expressly referred to in 
the opinion. We infer from that express refer- 
ence, and from the opinion as a whole, that 
the distria court did In fact find that the 
^'function, way, and result" test was satisfied. 
See ACS Sysiems» Inc. v. Moniefiore Hospi- 
tal, 732 F.2d 1572, 1582, 221 USPQ 929. 
936 (Fed. Cir. 1984) (this court will infer 
findings that were obviously necessary to Utc 
courfs opinion). 

Du Pont argues that, because its emulsion 
product was patented after the '978 pateni 
issued, ils prt>duct avoids infringement by 
equivalence. According to Du Pom, *Vo long 
as dtreci infrxngemtnt is lacking, the grant of 
a patent to an accused infringer constitutes a 
prima fade determination of non-equlvalencc 
and, accordingly, of non-infringement'* (Du 
Pont*$ emphasis). Atlas disagrees. So do we. 

Du Pont concedes that, if Atlas patents A 
+ B 4- C and Du Pom then patents the 
improvement A + B + C + D, Du Pom is 
liable to Atlas for any manufacture, use. or 
sale of A + B + C + D because the latter 
direcily infringes claims to A + B C Du 
Poni ur^, however, that it is noi liable for 
manufacture, use, or sale of patented im- 
provement A -4- B + C\ even though A + B 
+ C It "equivalent" to A + B + C. We reject 
Du Pontes attempted distinction. Whether Du 
Pont makes A + B + C + D or A + B + C\ 
Du Pom has used the gist of Atlas' invention 
to devise a patentable composition. There is 
no compelling reason to hold Du Pont liable 
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for inrringemeni in one instance but nui ihc 
other* 

(2) We agree with Bendix Corp. v. United 
SiAics, 199 USPQ 203 (Ct. 01. Trial Div. 
1978), afTd, 600 F.2d 1364. 204 USPQ 617 
(Ci. CI. 1979). There the irial judge said that 
where defendant has appropriated the materi- 
al features of the pteni in suit, infringemeni 
will be found "even when those features have 
been supplemented and modified to $uch an 
extent that the defendant may be entitled to a 
patent for ihc improvcmcm." 199 USPQ ai 
221-22. Though Du Pom argues thai cases 
frtim other courts suppon a contrary rcsulu 
we are not bound by those case:! and in any 
event find ihem unpcrsuasivc* 

More persuasive is the reasoning of Her- 
man V. YounKstown Car Mfg. Co., 191 F. 
379, 584-85 (6ih Cir. 1911). After finding 
equivalente. the coua rejccicd appellant's 
uintention thai iu receipt of a patent ncg^itrs 
infringemeni: 

A patent is not the grant of ;i rghi to 
make or use or sell. It docs not, ilirciily or 
indircaly, imply any such riijlu. It grants 
only the right lo exclude others. The sup- 
posiiion thai a right to make h created by 
the patent grant is obviously inconsistent 
with ihc established distinaions hciwrcn 
generic and specific patents, and with the 
well-known fact thai a very nmsidcrable 
portion of the patents granted are in a field 
awrrcd by a former relaiively generic or 
basic paicni» are iribuury to such earlier 
patent, and cannot Iw practiced unlrss by 
license thereunder. 

Another rcas<m sometimes advnmcd for 
supp<ising that the structure of the second 
docs not infringe the claim of the lirsi 



U)f irtuw. ir A + B + C* wrrr puirnic<t 
tict'aute of unexpected rcsulu, ihcrtt* uncxfKnrH 
ffSu)i*( mi^hi pnimpt a limling of no cquiv:tlcmr 
THm ftntling. however, wuuld cRi$t l>c('ausc. under 
ihc (Jraver Tank mpaniic lot. iltr "rcsuhs'* 
-ihir^rd by ihc claimed and accused pritdu»is 
would U 9ub«ionuall^ dilferenr Thr dUtrtct u>un 
in ihls lasc did (ita f'tnd any $uvh uncxixned 
rouhs. Thuuifh ix found lhat Uu hmt's prudud^ 
were more »i;»hle than those of »hc '97R p,i!cn(, ihai 
II noi pctessurlly mtonaMcnt with cquivjJemc 
l'l<)oiv.ilcncc Hoe$ not require ihat the vivimrd m- 
vfntitin And accused prmluct have idcniical re«ulix; 
the rr$uh« r&n be subsiantiully the same and the 
ai'CMsed product can be an improvement. Pcrkin- 
tlmcr Corp. v. Compuicrvision Corp.. 732 K.2d di 
•'01-02. 221 U.SPQ ai 67^-60; Dccca Ltd v. Unti- 
ed Siites. S44 F.2d 1070, 1080-Bl. I<)l tSPQ 4y>, 
44R au 01. 1976). 

* Wc are bi»und Oy opinions of our prcdc*xsw>r 
tnuns. the Court uf Claims and CCPA. .Souih 
Curp. V. United Sutes, 690 K.2d I36fl. 215 USPQ 
tiS7 (Fed. Car. 1982). 



patent Is that ihc Patent Office has de- 
clared thai a patentable difTerence exists. 
The premise is sound, bui not Uic conclu- 
sion. In examining the second application, 
the Paicni Office has no concern with the 
scope of the claim of the first, and docs not 
antl must not pay any attention ihcreio. It 
is concerned only with ihc early disclosure 
by the specificaiion and drawings. Patent* 
able difference does noi of itself tend to 
negative infringement, ll may jusi as well 
be based upon infringemeni, plus improve- 
ment; and improvement may lie in addi- 
tion, simplificatioA. or variance. 
Sec also Saniiar>* Refrigerator Co. v. Winters, 
280 U-S. 30, 42. 3 USPO 40, 44 (1929) 
(where there is subsuniialiiy of function, 
way, and result, infringement cannot be 
avoided by any presumptive validity attaching 
lo the issuance of a patent to the infringer); 
Sure Plus Mfg. Co. v. Kobrin, 719 F.2d 
11 14 J 1 17 (1 hh Cir. 1983) (no presumption 
of iiti a- infringemeni arises from the issuance 
iif a patent to the infringer); Freeman v. 
AUviuer. 66 F.2d 506, 512, IB USPO 186. 
192-93 (Bih Cir.), cert, denied, 290 U.S. 696 
(1933) (the touri after' finding equivalence 
stated that the issuance of a patent merely 
raises a presumption of validity, not a pre- 
sumption of min-infringemcnt). 

Du Pont (xintends that one skilled in the 
an in 1966 would not have known thai the 
'978 and Du Pont products were equivalent. 
It is not a requirement of equivalence, howev- 
er, that those skilled in the art know of the 
equivjicncc when the patent application is 
filed or the patent issues. That question is 
detcrniincd as of the time infringement ukcs 
place. In Hughes Aircraft Co. v. United 
.States. 717 F.2d 1351, 1365, 219 USPQ 473, 
483 (Kcd. Cir. 1983), this court held that 
devices changing the patented invention with 
advances developed subsequent to the patent 
could infringe under the doctrine of equiv* 
alcnis. See also American Hosp. Supply 
Corp. V. Travcnol Labs.. Inc.. 745 F.2d 1, 9. 
223 U.SPQ 577. 583 (Fed. Cir. 1984). 

|3) Do P«nt also argues that Atlas is "es- 
topped*' from asserting that the '978 claims 
cover the use of an oil-in-waier cmulsificr 
such as sodium oleaie because Atlas was un* 
able lo use that type of emulsifier effectively. 
Wc reject Du Pom's argument on iwo 
grounds. 

First, finding equivalenoc is not inconsis- 
leni with a patentee's unsuccessful aiicmpi to 
make the accused product. The focus in as- 
sessing equivalence is on whether ihe accused 
product performs substantially the same as 
ihc claimed product in function, way and 
result — it is not on the patentee's ability to 
devise a product equivalent to the patented 
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product. Indeed, ihc patentees incentive lo 
(Jcvisc an equivalent product is often less than 
a competiior*5» which alone may account for 
the competitor'.^ success and the patcniee*s 
failurr in dcvisint; \hc equivalent produa. 
.Sec, c.p., Ixcsona Corp, v. Vana Batteries. 
Inc., 522 F.Supp. 1304, 132S, 2)3 USPQ 
222.241 (.S.imY. 1981). 

Second, the record tubmitied to this court 
makes no reference lu any type of estoppel. 
Thai strongly suggest ihai estoppel was not 
raised before the district court. Borkoven v. 
M;ir5;h, 727 K.2d 1558. 1566 (Fed. Cir. 
1984), Deiau.^ a pany inay generally not 
argue on appeal an issue not raised below. 
Wcinar v. Rollform Inc.. 744 F.2d 707, 804, 
223 USPQ 369, 372 (Fed, Cir. 1984); Un- 
derwater Devices Inc. v. Morrison-Knudsen 
Ok, 717 F,2d 1380. 13«8. 219 USPQ 569, 
575 (Krd. Cir. 19ft3)» the estoppel argument 
is not pniperly before us. 

Du Tnnt also argues that, because its prod- 
un is formed in situ, it is different from the 
claimed product, h i« the claimed produrt, 
however, mu the process of forming it, that is 
involved. The district roun found that the Du 
Pont emulsion, though h uses what is normal- 
ly an oil-in-vt^aicr cmulsificr. "*acis as a wa- 
icr-ir)-(»il cmulsificr. *Vaus|ing| a Hr.ucr-in- 
oil cniuKion to form," and is otherwise 
sub.siantially the same as the '978 emulsion. 
Those iindings have ntii been shown to be 
dearly erroneous. 

Du iVint further con lends that I he district 
n>urt erred in (xjnsiderine; the *'heari of the 
imrmion*' in its infrini^ement analysis. We 
disai;n*c, Although there ts no Iq^ally rerog- 
n)Zt*d ''rsKcncx'* or ''heart" of the invention in 
determining validity, W. Gore & Associ- 
ates. Inc. v. (;url<K*k. Inc.. 721 F.2d 1540, 220 
USPQ .^03 (l-ed. Cir. 1983). wt. denied. 53 
D .S.L.W. 3226 (U.S. (Xi. 2. 1984), ii can be 
ap(>liral)lr in a determination of infringement 
under ^hc dm irine of equivalents. Medimnic. 
Inc. V. Cardiae raccmakers. Inc., 721 F.2d 
1563. 1S67. 220 Ui>PQ 97. 101 (Fed. Cir. 
1 *>83). Mon-over. the district court's *'hean of 
the invention" analysis was supplemental to 
its lindint; that the Graver Tank tripanitc 
test was saitst'icd. 

Finally. Du Pont argues th.it the district 
court rrrrtl in not addressing in its opinion 
which iff the individual claims arc infringed. 
However, the district <t>un specified the in- 
fringing elalms in its judgment, and wc re- 
view judgments, not statements in opinions. 
Sec, e.g., Lindemann Maschinenfabrik 
GMUII V. .\mcrican Hoist & Derrick Co.. 
730 F.2d at M63, 221 USPQ at 489. Review- 
ins ^he judgment, we 4-onctude that the dis- 
trict murt did not commit clear error in 
Hnding infringcnient of the claims nn nppeal. 



yjJL Conchskn 

Having considered all of Du Font's argu- 
ments, the disiria court's decision thai the 
'978 paieni claims on appeal (1-5, 7, 12-14, 
and 16-17) arc not invalid under 35 U,S C 
!i§l02. 103, and 112, ihai there was no in- 
equitable conduct before the PTQ. and that 
the claims on appeal were infringed, is 
ajftrmt'd. 



Court of Appeals, Federal Grcuh 

State Industries, Inc. v. A.O. Smith 
Corporation 

No. 84^590 
Decided Jan. 3, 1985 

PATENTS 

1. Accounting — Increased or trebled 

damages or profits (§11.35) 

Keeping track of competitor's products and 
designing new, better, or chcafKT functional 
equivalents should not be discouraged by pu- 
nitive dam,ige awards except in cases where 
conduct is so obnoxious as clearly to call for 
them. 

2. Notice and marking patented (§46) 

Patent must exist and one must have 
knowledge of ii for patent 10 be willfully 
infringed, and "patent pending'* notice does 
not give one such knowledge and is not even 
guur.tntcc thai application has been filed, nor 
is filing guarantee that any patent will issue. 

Particular patents — IVater Heaten 

4.263,879. Lindahl, Water Heater, holding 
of validity and infringement allirmcd. 



Appeal from District Court for the Middle 
Disiria of Tennessee, Wiseman. J.: 221 
USPQ 958. 

Action by State Industries. Inc., against 
A.O, Smith Corporation, for patent infringe- 
ment, in which defendant counterclaims Tor 
declaration of patent invalidity and noninfrin- 
gement. From judgment for plaimiff, defen- 
dant appeals. AfRrmcd in pan, and reversed 
in pan. 

Glen O. Starke, and Andrus, Scealcs, .Starke 
& Sawall, both of Milwaukee, Wis. (Gary 
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(54) Tide: GENE THERAPY FOR CYSTIC FIBROSIS 
(57) Abstract 

The present invention comprises gene therapy for treating cystic fibrosis (CF). Delivery and expression of a single copy of 
a normal CFTR gene leads to stable correction of the CI channel regulation defect present in CF epithelial cells. The present in- 
vention includes recombinant viral and plasmid vectors, alternative CFTR gene deliveiy strategies, and transduced CF cells and 
cell lines carrying a recombinant gene for functional CFTR. CF epithelial complementation through transduction of the present 
invention also provides an assay for determining the validity of other putative CF mutations. 
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GENE THERAPY FOR CYSTIC FIBROSIS 
SPONSORSHIP 

Work on this invention was supported by the Cystic Rbrosis Foundation and 
by the United States government under grants DK4271 8 and DK39690 awarded by the 
5 National Institutes of Health. The government has certain rights in the invention. 

RELATED APPUCATIONS 
This an International Application, claiming benefit of U.S. appUcation Serial No. 
584,275, entitled "Gene Therapy for Cystic Rbrosis". filed September 18, 1990, which 
is a continuation-in-part of U.S. application Serial No. 401.609, entitled "Cystic Rbrosis 
10 Gene", filed on August 31, 1989, which is a continuation-in-part of U.S. application 
Serial No. 399, 945, entitled "Cystic Rbrosis Gene", filed on August 24. 1989, now 
abandoned, which is a continuation-in-part of U.S. application Serial No. 396,894. 
entitled "Cystic Rbrosis Gene", filed on August 22, 1989, now abandoned, all of which 
applications are specifically incorporated by reference herein. 
1 5 FIELD OF THE INVENTION 

The present invention relates generally to gene therapy for cystic fibrosis (CP) 
and, more particulariy. to transfer of the gene for cystic fibrosis transmembrane 
conductance regulator (CFTR) to con-ect the defect In epithelial cell CI channel 
regulation In cystic fibrosis patients. 
20 BACKGROUND OF THE INVENTION 

Cystic fibrosis (CF) Is an autosomal recessive disorder characterized by 
abnomialities in water and electrolyte transport that lead to pancreatic and pulmonary 
Insufficiency. Taussig, LM., An oven/iew. In Cystic Rbrosis, LM. Taussig, ed. (New 
York: Thieme-Stralton), 1-9 (1984). It Is one of the most common severe autosomal 
25 recessive disorders, having a 5% carrier frequency and affecting about 1 In 2500 live 
births in Nortii America. 

' Furictibhki expi^ioh of the CF deifeci reduces the chloride iort pe 
of epithelial tissues. Quinton, P.M., FASEB J. 4:2709-2717 (1990). The ability of 
epithelial cells in the ainways, sweat glands, pancreas and otiier tissues to secrete CI 
30 In response to cAMP-mediated agorsis is lost or severely reduced. Activation of 
apical membrane CI channels by cAMP-dependent protein kinase (PKA) is irnp^ired, 
but channels witti normal conductance properties can be activated by other means, 
including agonists whose effects are mediated by increased cell Ca. Frizzell, RA. et 
al., Trends Neuroscl. 10:190-193 (1987); Welsh, M.J., FASEB J. 4:2718-2725 (1990). 
35 These findings suggest that tiie CI channel per se is nt. defective in CF, but that the 
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defect might lie in a regulatory protein that transduces the effects of protein kinase 
activation. The presence of abnormalities in epithelial sodium transport in CF cells 
further supports the concept of a regulatory defect that can affect other cellular 
functions. Boucher, ac. et al., J. Clin. Invest 78:1245-1252 (1986). 

5 Isolation of the gene for CF, as described in detail in the aforementioned related 

applications, has provided further Insight into the molecular basis of the disease. See 
also Rommens, J.M. et al.. Science 245:1059-1065 (1989); Riordan, J.R. et al„ Science 
245:1 066-1 073 (1 989); Kerem. B.S. et a!., Science 245:1 073-1 080 (1 989). The gene 
responsible for CF has been localized to 250,000 bp of genomic DMA based on its 

10 location within the genome. This gene encodes a protein of 1480 amino acids called 
the cystic fibrosis transmembrane conductance regulator (CFTR). Riordan et a!., supra. 

The most compelling evidence thus far to support the role of CFTR in the 
etiology of CF has been provided by genetic analyses. Kerem et al., supra. (1989). 
Sequence analysis of the CFTR gene of CF chromosomes has revealed a variety of 

15 mutations, including nonsense and frameshift mutations. Cutting, G.R. et al.. Nature 
346:366-369 (1990); White, M.B. et al., Nature 344:655-667 (1990); Dean, M. et al.. Cell 
61:863-870 (1990); Kerem, B.S, et al., identification of mutations in regions 
corresponding to the 2 putative nucleotide (ATP) binding folds of the cystic fibrosis 
gene, PNAS (USA) (1990) (in press). However, extensive population studies have 

20 indicated that the most common CF mutation is a deletion of the three nucleotides that 
encode phenylalanine 508 (AFgQg). This deletion is present on 70% of all CF 
chromosomes, but not on normal chromosomes. Kerem et al., supra, (1989); The 
Cystic Fibrosis Genetic Analysis Consortium (1990). 

Results from both physiological and molecular cloning studies have raised the 

25 possibility that CFTR is a CI channel. The defect in CI channel activation by cAMP- 
dependent protein kinase (PKA) is present at the single-channel level in cell-free 
meinbrane piatches arid the protein structure predicted from CF gene cloning suggests 
that CFTR Is an integral membrane protein with twelve membrane-spanning domains. 
Schoumacher, R.A, et a!.. Nature 330:152-754 (1987); U, M. et al., Nature 331 :358-360 

30 (1988); Riordan et al., supra. The identification of CF-assoclated alterations in other 
cellular processes such as amiloride^ensitive Na transport and nriucin sulfation also 
supports the view that CFTR may regulate several cellular processes. Boucher et al., 
supra; Boat, T.F. et al; Arch, Biochem. Biophys. 177:95-104 (1976). 

Although the specific role that CFTR plays in CI transport remains to be 

35 determined, the CFTR protein contains several interesting functional domains incfuding . 
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two nucleotide binding folds, a regulatory region that has many possible sites for 
phosphorylation, and two hydrophobic regions that probably interact with cell 
membranes. CFTR shows structural similarity with several members of the "ATP 
binding cassette" (ABC) superfamily of proteins, including the periplasmic binding 
5 proteins of prol<aryotes, and the P-glycoprotein associated with multldrng resistance 
in higher eukaryotes. Riordan et al.. supra; Hyde, S.C. et al.. Nature 346:312-365 
(1990). 

Recent progress in our understanding of the genetic and functional basis of CF 
has provided a foundation for better defining its molecular pathology as well as 
1 0 developing novel therapies based on somatic gene transfer. 

SUMMARY OF THE INVENTION 
Gene therapy for cystic fibrosis (CF) comprises the delivery of a gene for 
functional cystic fibrosis transmembrane conductance regulator (CFTF) to affected 
epithelial cells. Delivery and expression of a single copy of the nomial CFTR gene, as 
15 would be expected with a recessive trait such as CF, alleviates the CI channel 
regulation defect present in CF cells. CF caused by a lack of functional CFTR or 
presence of CFTR function below physiologically-acceptable levels which arises from 
a defect In the CFTR gene can thus be treated in accordance with the principles of the 
present Invention. 

20 The "nomial CFTR gene" of the present invention Is simply any nucleic acid 

sequence which codes for functional CFTR Thus variations in the actual sequence 
of the gene can be tolerated provided that functional CFTR can be expressed. For 
example, silent mutations can be introduced to stabilize cloning of the gene. A CFTR 
gene used In the practice of the present invention can be obtained through 

25 conventional methods such as DNA cloning, artificial construcfion or other means. The 
4.6 kb cDNA utilized in the specific examples has all the sequences necessary to 
encodefora functibnal CFtR protein, as assayed by the anai^^^^ 
chloride current. 

Gene transfer of the CFTR gene In accordance with the present invention can 
30 be accomplished through many means, including transfection using caldum phosphate 
copredpitation, fusion of the target cell with liposomes, erythrocyte ghosts or 
spheroplasts carrying the CFTR gene, plasmid and viral vector-mediated transfer and 
DNA protein complex-mediated gene transfer. 

Presently the delivery vehicle of choice is a recombinant retrovirus capable of 
35 infecting huitian epithelial cells. This is somewhat surprising given the relatively large 



SUBSTITUTE SHEET 



wo 92/05273 PCr/US9 1/06660 

4 

size of the CFTR gene. The recombinant retroviral vector of the invention generally 
comprises DNA of at least the portion of the retroviral genome necessary for infection, 
and the norma! CFTR gene operatively linked thereto. Additionally, the portion of 
retroviral genome used in construction of the vector can be rendered replication- 
5 defective to remove any deleterious effects of viral replication on the target cells. 

Although any CF-affected epithelial cells such as pancreatic and sweat gland 
cells can be targeted with the gene transfer methods and vectors of the present 
invention, because the most severe complications of CF are usually pulmonary, ainvay 
epithelial cells are the most desirable targets for gene therapy of the present invention. 
10 Moreover, given that airway epithelial cells have been found to be easily infected by 
recombinant retroviruses, gene transfer In accordance with the present invention to 
these cells is quite feasible. 

CF diagnosis and screening of carriers can also be accomplished through 
transduction of CFTR defective cells and cell lines. For example, the complementation 
1 5 scheme of the present invention can be use to determine the validity of other putative 
CF mutations and is also useful as a tool to study the function of CFTR by site-specific 
mutagenesis or domain switching with other members of this large ABC gene family. 

The present invention is thus directed toward gene therapy for cystic fibrosis 
through deOvery and expression of a functional CFTR gene to the cells of a CF patient. 
20 Recombinant retroviral vectors as well as other CFTR gene transfer schemes can be 
used in the practice of the present invention. The present invention further includes 
both CF epithelial cells and cell lines which carry a normal CFTR gene transducted or 
transferred therein In accordance with the principles of the invention. CFTR screening 
and complementation assays for other putative CF mutations are also contemplated 
25 within the scope of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Rgure 1A depicts the proviral obmporient o recombinant retroviral vector 
PU-CFTR of the present Invention. 

Rgure IB shows the results of gel blot hybridization of Kpn I-restricted DNA 
30 using a Neo specific probe (top panel) and Hind m digested DNA using an exon 13 
CFTR specific probe (bottom panel). 

Rgure 2 is an RNA blot analysis of the expression of the retroviral transduced 
CFTR gene in CFPAC clones using the CFTR exon 13 probe. 

Rgure 3A Is a graph illustrating the effect of forskolin on ^^1 efflux in PU and 
35 PU-CFTR clones over time. 
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Figure 3B is a graph Illustrating the effect of forskolin on ^^1 efflux in PU and 
PU-CFTR clones as compared to basal ^^1 efflux. 

Rgure 4A Is a whole-cell voltage damp record of stimulation of inward currents 
by forskolin in a PU-CFTR clone 1 . 
5 Figure 4B illustrates the failure of cAMP or forskolin in stimulating membrane 

cun'ents In a PU done 6 cell. 

Rgure AC is a graph depicting the Instantaneous cun-ent-voltage relations of 
forskolin-induced currents In NaCI, low CI and Na-free baths. 

Rgure 5 is the nudeotlde sequence of cDNA encoding CFTR together with the 
10 deduced amino acid sequence. 

Rgure 6 depicts a stabilization scheme for a CFTR construct. 

Figure 7 Is a restriction map of a plasmid-based vector used in the practice of 
the present invention. 

DETAILED DESCRIPTION OF THE 
1 5 PREFERRED EMBODIMENTS OF THE INVENTION 

The absence of functional CFTR or CFTR function which is not at 

physiologically-acceptable levels and which arises from a defect In the CFTR gene is 

treated through gene transfer of a normal CFTR gene into CFTR defective cells. By 

-physiologically-acceptable level of CFTR function" is meant a level of CFTR function 

20 at which a cell population or patient exhibits the normal physiological effects presence 
of the nonnal amounts of CFTR. Examples of insuffidencies in CFTR function indude 
but are not limited to abnormal C! channel regulation in epithelial cells, such as that 
exhibited in cystic fibrosis. 

A recombinant viral vector of the present invention comprises DNA of at least 

25 a portion of retroviral genome which portion Is capable of infecting the target cells and 
a normal CFTR gene operatively linked to thereto. By "infection" is generally meant the 
process by whldi a' viYustrdhsfe^^ 

the retrovirus used in the construction of a vector of the invention Is also rendered 
replication-defective to remove the effects of viral replication on the target cells. In 
30 such cases, tiie repllcation-def^>ctive viral genome can be packaged by a helper virus 
in accordance with conventional techniques. Generally any retrovirus meeting the 
above criteria of infectiousness and capabilities of CFTR gene transfer can be 
employed in the practice of the present invention may also be desirable. Suitable 
retroviruses for the practice of this invention Include, for example. PU. pZip. pWe and 
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pEM well known to those skilled in the art. Suitable packaging virus lines tor 
replication-defective retroviruses include, tor example, TCrip, TCre and Y2 and TAm. 

It will be appreciated that when viral vector schemes are employed for CFTR 
transfer, the use of attenuated or avirulent viruses may also be desirable. Where 
5 applicable in the practice of the invention, amplification of the CFTR gene can also be 
utilized to enhance the levels of nomnal CFTR expression. 

The genetic material to be recombined with the retroviral vector or transfen'ed 
through other methods of the Invention is preferably provided through conventional 
cloning methods, i.e. cDNA, through overlapping oligonucleotide sequences or any 
10 other suitable method yielding the desired sequence. When used in diagnostic or 
screening assays, the genetic material is usually provided by cloning of patient DMA 
or, alternatively, through the use of patient genomic DMA. As stated previously, by 
normal CFTR gene, is meant any nucleic acid sequence which codes for functional 
CFTR 

15 The cells targeted for transduction or gene transfer in accordance with the 

present invention Include any cells to which the delivery of the CFTR gene is desired. 
Generally speaking, the cells are those with the CFTR gene defect, such as CF cells. 
In the case of CF, the cells targeted are preferably epithelial cells, including pancreatic, 
sweat gland. Over, Intestinal, kidney and even more preferably epithelial ainvay cells, 

20 such as lung cells. 

Cells or cell populations can be treated In accordance with the present 
invention in vivo or In In vitro. For example, in in vivo treatments, CFTR vectors of tiie 
present invention can be administered to the patient, preferably in a biologically 
compatible solution or pharmaceutically acceptable delivery vehicle, by ingestion. 

25 injection. Inhalation or any number of otiier methods. The dosages administered will 
vary from patient to patient and will be detemiined by the level of enhancement of 
CFTRfundion baliiciB^ Monitoring levrels 

of transduction, CFTR expression and/or the presence or levels of nornial CFTR will 
assist in selecting and adjusting the dosages administered, in vitro transduction is also 

30 contemplated wfthin the present invention. Cell populations with defective CFTR genes 
can be removed from the patient or otherwise provided, transduced with a,normaI 
CFTR gene in accordance with the principles of the invention, then (re)introduced into 
the patient 

CFTR-defective cell lines, such as transformed CF lines, can also be transduced 
35 in accordance with the present inyerition. Such cell lines are useful, for exaniple, in ' 
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complementation assays for evaluating CF mutations to diagnose CF and screen for 
carriers. For example, patient CFTR cDNA can be transferred into CF cells and the 
cells screened for complementation, i.e. CFTR function, to confimi or mie out of CF or 
CFTR gene defects. 

5 In the first set of Specific Examples which follow, retrovlrus-mediated gene 

transfer was used to complement the cystic fibrosis (CF) defect in CI regulation in 
epithelial cells of a CF patient Amphotropic retroviruses were used to transduce a 
functional cystic fibrosis transmembrane conductance regulator (CFTR) cDNA into 
CFPAC-1, a pancreatic adenocarcinoma cell line derived from a patient with CF. This 

10 cell line stably expresses abnomialities in electrolyte transport that are characteristic 
of the CF defect, i.e. they lack cAIVIP-stimulated CI transport CFPAC-1 cells were 
exposed to control vlais (PU) and CFTR-expressing virus (PU-CFTR); viral transduced 
clones were isolated and subjected to molecular and physiologic analysis. Agarose 
gel blot analysis revealed unrean-anged proviral sequences in 1 0 of 1 0 PU clones and 

15 9 of 1 0 PLJ-CFTR clones. RNA analysis detected a viral-derived CFTR transcript in all 
of the PU-CFTR clones. RNA analysis detected a viral-derived CFTR transcript in all 
of the PU-CFTR clones that contained unrearranged proviral sequences. 

Anion (^^1) efflux was used to examine PU and PU-CFTR clones for cAMP 
and Ca stimulated anion transport Agents that increase intracellular cAMP stimulated 

20 ^^1 efflux In PU-CFTR clones but not PU clones. Whole-cell patch-clamp perfonned 
on two responding clones showed that the anion efflux responses were due to cAMP 
stimulation of chloride conductance. Calcium ionophore increased ^^1 efflux and 
chloride cun-ents in all PU and PU-CFTR clones. These findings indicate that 
expression of the normal CFTR gene confers cAMP-dependent CI channel regulation 

25 on CF epithelial cells. 

The second set of Specific Examples describes gene transfer to aioA^ay 
epitiielial cells as well as pancreatic cells, ad^^ 

alternative gene transfer delivery systems, including lipofection and DNA-protein 

complex- mediated gene transfer. 
30 SPECIFIC EXAMPLES - 1 

RecomW/ia/if WetroWfuses 

Early attempts to reconstitute a full length CFTR cDNAfrom overlapping clones 
were unsuccessful. The exact cause of these difficulties remains to be defined, but our 
data indicated that prokaryotic transcription from Internal CFTR cDNA sequences may 
35 result in the expression of a protein that is toxic to bacteria. The introduction of three 
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silent mutations (T to C at 930, A to G at 933, and T to C at 936) into a restriction 
fragment of CFTR that spans exon 6b completely ablated this toxic effect, potentially 
by interfering with the cryptic prokaryotic promoter, and enabled the reconstruction of 
4.6 kb of contiguous CFTR cDNA sequence. The nucleotide sequence of this 
5 reconstructed cDNA was re-determined and found identical to that published previously 
with the exception of the three silent mutations noted above. See Riordan et ah, supra. 
Sequence Listing set forth before the Claims illustrates the nucleotide sequence 
of cDNA encoding CF transmembrane conductance regulator along with the deduced 
amino add sequence. The DMA sequendng was performed by the dideoxy chain 

10 termination method with ^S-labeled nucleotides or by tiie Dupont Genesis 2000 
automatic DNA sequencer. Numbers on the right of the columns in Figure 5 indicate 
base positions. The first base position corresponds to the first nucleotide in the 5' 
extension clone PA3-5, which is one nucleotide longer than TB2-7. The 3' end and 
the noncoding sequence are also shown in the Rgure (nucleotides 4561 to 6129 plus 

1 5 the poly{A)'** tail). The arrows shown indicate the position of transcription initiation site 
by primer extension analysis. As shown abbreviated in the Rgure, nudeoflde 6129 
is followed by a poly(A) tract The positions of exon junctions are between the 
following base positions: 165-186; 296-297; 40S406; 621-622; 711-712; 1001-1002; 
1248-1249; 1341-1342; 1523-1524; 1716-1717; 1811-1812; 1898-1899; 2621-2622; 

20 2789-2790; 3040-3041; 3120-3121; 3499-3500; 3599-3600; 3849-3850; 4005-4006; 
4095-4096; 4268-4269; and 4374-4375. 

Potential membrane-spanning segments were ascertained with the use of the 
algoritiim of Eisenbert, et al., J. MoL Biol. 1 79:1 25 (1 984) and are underlined under the 
nudeic acid designations in the Rgure. Amino acids comprising putative ATP-binding 

25 folds are underlined under the animo acid designations in the Rgure. Possible sites 
of phosphorylation by protein kinases A or C are indicated by o and *, respectively, 

' " ^ arid + designates glycbsylation sites. Tlie^ at which ' 

3 bp are deleted in CF. Abbreviations for tiie amino acid residues used in Figure 5 
are: A, Ala; C. Cys; D. Asp; E, Glu; F. Phe; G. Gly; H, His; lie; K, Lys; U Leu; M, Met; 

30 N, Asn; P, Pro; Q. Gin; R, Arg; S, Ser; T. Thr; V, Val; W, Trp; and Y, Try. 

The modified CFTR cDNA was cloned into the Retroviral vector PU previously 
described by Kornnan. A J. et al., PNAS (USA) 84:2150-2154 (1987). The proviral 
component of this recombinant vector, called PU-CFTR, is depicted in Figure 1A. 
Important structural components of the vector illustrated in the Rgure include the long- 

35 terminal repeat sequences (LTR). CFTR cDNA, sequences from the origin of SV40, tiie 
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gene that confers resistance to G418 (Neo), and the origin of replication for pBR322 
(pBR). Transcription from the 5'LTR produces the 8,5 kb genomic transcript that is 
responsible for viral passage and CFTR expression. Transcription from the SV40 
sequences leads to the formation of the second transcriptional unit that expresses a 
5 Neo^eledable marker. Sites of transcriptional initiation are indicated in Figure 1 A with 
arrows at the 5' LTR and internal SV40 sequences. Recognition sites for restriction 
endonucleases Kpn I and Hind m are also indicated. Probes specific for the CFTR 
gene (exon 13) and the Neo gene that were used In DNA and RNA blot analysis are 
indicated below the vector. 

10 Transfection of PU and PU-CFTR vectors Into the virus packaging cell line 

TCrip led to the transient production of replication-defective virus. Limiting dilutions 
of virus stocks were used to infect CFPAC-1 cells which were subsequently cultured 
in the presence of G41 8 in order to select for transduced clones. Transiently produced 
PU-CFTR virus stocks had a lower titer (50-100 fold) than those produced with PU 

1 5 vector. Ten Individual clones of cells were isolated from infections performed with each 
type of virus (named PU denes 1 through 1 0 and PU-CFTTt clones 1 through 1 0) and 
subjected to molecular and physiologic analysis. 
Transduced Clones Express Retroviral CFTR Sequences 

Retrovirally transduced clones of CFPAC-1 cells were analyzed for proviral 

20 sequences as described for other cells types by Wilson, J.M. et al., PNAS (USA) 85: 
4421-4425(1988)andVVilson,J.M. eta!., Sc/ence 248:1413-1416 (1990). CFPAC-1 
cells were infected with PU or PU-CFTR virus and selected in the presence of G418 
in order to Isolate Individual clones. High molecular weight DNA was Isolated from 
each clone and analyzed by the metiiod of gel blot hybridization as shown in Rgure 

25 IB. In the top panel of Rgure IB, DNA was digested witii Kpn I and the filter was 
hybridized to a Neo specific probe, whereas in the bottom panel, DNA was digested 
witii Hind in and the fitter was hybridized to the exon 1 3 CFTR spi^cific probe, the 4.3 
kb band in all lanes arises from tiie endogenous CFTR gene. Samples include: 
CFPAC-1 DNA (10 |ig); lane "1 copy" - CFPAC-1 DNA (10 jig) and lanes "PU-CFTR 

30 1 through 10" - DNA (10 jig) from PU-CFTR clones 1 through 10. Along the right 
border of the figure, ntolecular size standards in kilobases are indtoated. 

Digestion of high molecular weight DNA with restriction enzyme Kpn I, which 
has unique sites in the vector LTRs, released all integrated forms of the PU-CFTR 
provirus as a common 8.5 kb fragment. As indicated in the top panel of Figure 1 B. gel 

35 blot hybridization of Kpn I-restricted DNA revealed unrean-anged proviral sequences 
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with the expected abundance of one copy per cell in 10/10 PU clones and 9/10 PU- 
CFTR clones. Hybridization of the filter with a Neo-spedfic probe detected a markedly 
rearranged proviais in PU-CFTR clone 2; this vims apparently deleted a major part of 
the CFTR cDNA (data not shown), 
5 The results of gel blot hybridization analysis to study the complexity and 

uniqueness of each putative PU-CFTR clone is shown in the bottom panel of Figure 
1 B. High molecular weight DNA was isolated and digested with Hind m, a restriction 
enzyme with two intemal sites in PU-CFTR, and analyzed with the exon 13 CFTR 
specific probe. As illustrated in the bottom panel of Figure IB, this analysis 

10 demonstrated a single unique integration site in 9/10 PU-CFTR clones. The CFTR 
specific probe failed to detect the provirus in DNA firom PU-CFTR clone 2 because of 
the apparent deletion described above. 

Expression of the retroviral transduced CFTR gene was studied by RNA blot 
analysis of CFPAC-1 clones using the CFTR exon 13 probe and is shown in Figure 2. 

1 5 Clones of retrovirus transduced CFPAC-1 cells were isolated and analyzed for the 
presence of CFTR transcripts. Total cellular RNA was harvested from individual clones 
and subjected to RNA blot analysis using the exon 13 CFTR probe to hybridize with 
the filter as shown in the top pane! of Rgure 2. In the bottom panel of Figure 2, the 
filter was stripped and rehybridized with a probe derived from human y-actin cDNA in 

20 order to control for variation In sample loading. RNA samples (10 jxg) were derived 
from the following cells: lanes •T84" - duplicate samples from the colonic tumor cell 
line T84; lane "CFPAC-I" - nontransduced CFPAC-1 cells; lane TU & - CFPAC-1 
done #6 firom the PU infection; and lanes "PU-CFTR 1 to 10" - CFPAC-1 clones #1 
through #10 from the PU-CFTR Infection. Along the left border of the figure, 

25 molecular size standards in kilobases are indicated. 

As illustrated in Figure 2, total cellular RNA from the previously described 
human colon tumor cell line, T84, demonstraited high levels of the endogenous CFTR 
transcript. No CFTR transcript was detected by Northern analysis in mock infected 
CFPAC-1 cells or PU clones 1 though 10 CFTR RNA can be detected in CFPAC-1 by 

30 RNA-PCR. A viral directed CFTR transcript of the expected size (i.e.. 8.5 kb) was 
detected, in 9/1 0 PU-CFTR clones; the CFTR probe failed to detect a transcript in RNA 
firom the clone that contains the deleted provirus (PU-CFTR clone 2). 
Transduced Clones Show Forskolin Stimulation of Anion Transport 

Isotopic anion (^^1) effluxes were measured to screen the PU and PU-CFTR 

35 clones for cAMP- and Ca-stlmulated anion transport The efflux assay, described by 
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Venglarik. CJ. et a!., Am, J. Physiol. 259:C358-C364. (1990) provides a qualitative 
estimate of agonist-stimulated Q conductance pathways in Cl-secreting epithelia, as 
judged from the inhibitory effects of CI channel blockers and depolarizing membrane 
potentials on ^^1 efflux. Figure 3A shows the time-course of the ''^1 efflux rate 
5 constant (r) fn two clones, PU 6 and PU-CFTR 6, with and without the addition of 
forskoiin, an agent which stimulates adenylate cyclase. 1 0 of forskolin was added 
at the time indicated in Rgure 3A. Following a basal efflux period in the absence of 
agonist (not shown), forskolin increased ^^1 efflux rate from PU-CFTR clone 6 from 
0.32 to 0.70 min*^ PU 6 did not respond, r values obtained before forskolin addition 
10 and during the peak of the forskolin response provided an estimate of the relative 
stimulation of ^^1 efflux (i.e. r^rs^t^J. Inthe responding PU-CFTR clones, the peak 
forskolin effect on anion efflux was observed during the first three flux periods following 
forskolin addition (1&45 sec). The mean +/-SEM was n=9 for all clones except PUS 
where n=7. 

15 Data derived from twenty clones Is illustrated in Rgure 3B. The r values were 

taken before and after the addition of forskolin. For PU-CFTR clone 2 the same 
scaling applies below 1.0. The values are mean +/-SEM; n=9 for all clones except 
PUS where ri=7. As illustrated in Rgure 3B. seven of ten PU-CFTR clones showed 
significant increases In ''^1 efflux In response to forskolin, whereas none (0/10) of the 

20 control PU clones responded to forskolin. The parent cell line, CFPAC-1 , also shows 
no n >onse to forskolin or cAMP analogues as described by Schoumacher, R.A. et 
al., PNAS (USA) 87:4012-4016 (1990), PU-CFTR clone 2 showed a major deletion in 
its CFTR cDNA by gel blot hybridization as shown in Figure 1 B, accounting for the 
failure of forskolin to stimulate ''^l efflux. In the seven responding PU-CFTR clones, 

25 the relative stimulation of anion efflux by forskolin ranged from 1.8 to 2.8-fold. This 
compares well with the 3.5-fold stimulation of efflux reported recently for the colonic 
tumor cell line t84 by V^^ 

cDNA endows CFPAC-1 cells with cAMP-responsive anion efflux. 

The congelation between forskolin responsiveness of the PU-CFTR dones and 

30 their CFTR mRNA levels was not striking as illustrated by a comparison of Figures 2 
and 3B. Three of the best responders in efflux assay showed high mRNA levels (i.e., 
PU-CFTR clones 1, 6 and 10). In other instances, however, the con-elation was not 
as good. For example, clones 7 and 8 showed approximately a 2-fold response to 
forskolin but had relatively low mRNA levels, and clones 3 and 9 showed a low 

35 forskolin response, despite the presience of readily detectable CFTR mRNA. 
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Addition of the Ca ionophore, ionomycin, increased ^^1 efflux in all control and 
CFTR clones. Values of "^ionoAbasa! averaged 1 4+/_2 in PU and 1 4+M in PU-CFTR 
(n=20) in each group; no significant differences were detected between individual 
clones. The extent of response of PU clones to ionomycin is similar to that observed 
5 previously in wild-type CFPAC-1 cells by Schoumacher et al.. supra (1990), and is 
about three times the response of T84 cells obsen/ed by Venglarik et al.. supra. The 
ability of Ca ionophores and Ca-mediated agonists to stimulate CI secretion has been 
reported for ainvay and sweat gland cells derived from both normal individuals and CF 
patients. See Sato, K. et al., J. Clin. Invest 73:1763-1771 (1984); Frizzell et a!., supra 
1 0 (1 986); Willumsen, N J. et al.. Am, J. PhysioL 256:C226^33 (1 989). The presence of 
this response In CF cells Indicates that CFTR is not required for Ca-mediated CI 
transport stimulation. The lack of significant differences in tiie extent of Ca stimulation 
in PU and PU-CFTR clones suggest that CFTR does not modulate the activity of Ca- 
mediated regulatory pathways that govern CI secretion. 
1 5 Clones Transduced with the CFTR Retrovirus Show cAMP-lnduced CI Currents 
Whole-cell pativclamp recordings were used to determine whether the 
cAMPHnduced increase in anion efflux in PU-CFTR clones of Rgure 3 was due to 
stimulation of CI conductance patiiways as described by Cliff, W.H. et al.. PNAS (USA) 
87:4956-4960 (1990). A typical response of PU-CFTR clone 1 is shown in Rgure 4A 
20 which illustrates stimulation of Inward cun-ents by SpM forskolin. Membrane voltage 
was held at -10 mV and pulsed to 0 and -84 mV. The gap in tiie record represents 
time (6 min) during which bath solution substitutions were performed to determine Ion 
selectivity of the forskoiin-lnduced current The pulse protocols for detennining the l-V 
relations were run at the times indicated in the Figure. Chloride currents were 
25 measured as the inward current produced by voltage pulses to -84 mV. Similar 
increases In inward cun^ent were obsen/ed in 11 of 13 cells from PU-CFTR clones 1, 
6, lahd 10 Ih^w^ (5 pM) or cAMP (200 to 800 jiM) increased 

inward cun^ents from 220 -h/.68 pA to 1690 -hM95 pA in responding cells. The 
magnitude of this response compares favorably with that obsen/ed in T84 cells by Cliff 
30 et al., supra. As shown in Rgure 4B, cAMP (400 |iM) of forskolin (5 \iM) failed to 
stimulate membrane currents in cells from the control clone, PU 6 (ni=6). The 
membrane voltage was held at -20 mV and pulsed to 0 mV and -84 mV. Similar results 
were obtained in 5 PU clone 6 cells. As observed from the ^^^1 efflux determinations, 
Ionomycin (2 jiM) Increased inward cunrents in botti PU (n=4) and PU-CFTR (n=3) 
. 35 clones. . - 
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As shown In Figure 4C, Instantaneous current-voltage (l-V) relations of the 
forskolin-stimulated current in a NaCI bath, a low CI bath, and a Na-free bath were 
obtained from PU-CFTR clone 1 . Forskolin-induced cunrents were obtained by digital 
substraction of currents before and after stimulation. The values shown in Figure 4C 
5 were recorded 6 msec after the initiation of voltage pulses. These data were obtained 
from the PU-CFTR clone 6 cell record shown in Rgure 4A during the 6 min. recording 
gap. 

As illustrated in Figure 4C, the l-V relation of the stimulated cun-ent appeared 
to be linear, as obsen/ed in T84 cells by Cliff et al., supra. Currents were detennined 

10 using equal bath and pipette CI concentrations reversed near the CI equilibrium 
potential of 0 mV. Reducing bath CI to 6 mM (glutamate replacement) decreased the 
outward currents and shifted the reversal potential for current flow to +66 mV, a value 
close to the CI equilibrium potential (+80 mV) for this outwardly-directed CI gradient. 
Replacement of bath Na by N-methyl-D-glucamine (NMDG) did not significantly alter 

15 the l-V relation. These findings Indicate that the forskolin-stimulated current is Cl- 
selective, and that the stimulation of anion efflux in PU-CFTR clones is due to 
activation of CI conductance pathways. 

EXPERIMENTAL PROCEDURES 
The following experimental procedures were employed in the Specific Examples 

20 set forth above: 

CFPAC-1 cells were maintained In culture as described previously by 
Schoumacher et al., supra (1990); cells used for retroviral infection were at passage 
72. Infection populations of CFPAC-1 cells were selected in medium containing G41 8 
(1 mg/ml) In order to Isolate individual ctones. Transduced CFPAC-1 cells were 

25 removed from selection soon after tiiey were expanded as clones. This was not 
associated with an apparent loss of proviral sequences or proviral expression. The 
arnphotrbpic packaging cell line TCrip, was rtiaintairi^ in buibecco's rrtodified feagle's 
medium supplemented with 10% calf serum and penicillin/streptomycin as described 
by Danes. O. et al„ PNAS (USA) 85:5460-6464 (1988). 

30 Construction of CFTR cDNA 

The cDNA was constructed by, joining the pyeriapping clones .1 0-1 , Ti6-1 and 
T1 6-4.5 as described by Riordan et al., supra. 10-1 and T16-1 were llgated at the 
unique Nm I site in exon 4 and the resultant constwct, spanning exons 1 thorough 73, 
joined to T1 6-4.5. This was done by inserting a Sac l-Eco Rl partial digestion product 

35 of T1 6-4:5, extending from exon 1 3 to exon 24, into; the respective sites of the 5' 1 3- 
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exon constaict These manipulations generated a 4.5 kb done containing the entire 
coding sequence as previously described by Riordan et al., supra. It was obsen^ed 
that most clones generated from these construction attempts were grossly rearranged. 
Upon sequencing of an apparently Intact constnjct, a 57 bp deletion was identified in 
5 exon 6b occurring between the two copies of a 13 bp direct repeat On inspection, 
this inten/ai was noted to contain a consensus prolcaryotic promoter sequence. In an 
attempt to disrupt the repeat, three single nucleotide alterations were made by in vitro 
mutagenesis. The introduced changes which do not alter the CFTR translation product 
and result In a stable constnjct. include substitution of C for T at position 930, G for 
10 A at 933, and C for T at position 936. The modified reconstructed CFTR plasmid is 
called CFTR 4.6. 

The above described changes were accomplished by synthesis of an 
oligonucleotide which matched the normal sequence except for the presence of G at 
933 and C at 936. The antisense strand of this segment of the CFTR cDNA was 

15 cloned into single-stranded Ml 3 phage, and mutagenized with the oligonucleotide 
using standard techniques as described by Smith, I^., {\9B9)Ar)nu. Re, Genet 19:423 
(1985); Sanbrook, J., et a!.: Molecular cloning. A Laboratory Manual, 2nd ed.. Cold 
Spring Harbor Press, 15.51-15.80 (1989), The resulting done, shown in Rgure 6, was 
sequenced and found to have an additional unexpected base change at position 930, 

20 which is also in a silent nucleotide position not altering the encoded protein, 

ft will also be appreciated that other methods to stabilize the fulHength CFTR 
cDNA can be used in the practice of the invention. Any alteration In the fortuitous E 
coli promoter in exon 6b, as shown In Rgure 6, which renders It non-functional v\tiile 
preserving the con-ect amino acid coding sequence for CFTR will accomplish this same 

25 goal. For example, mutagenesis of the CATACT sequence underilned In Figure 6 can 
be accomplished in several ways which will not alter the amino acid sequence (e.g. 
CGTATT), but Will irlacti^ate the sequence' as a proferyotiV prbrhoter, rendenng it' 
stable in the usual cloning vectors. 
RBtroviral Vectors and Recombir^ant Retroviruses 

30 Digestion of the modified CFTR plasmid with Sac I released the modified CFTR 

cDNA on a 4.6 kb restriction fragment. The Sac I sites were converted to Bcl I sites 
with oligonucleotides and the linkered fragment was cloned into the Bam I site of the 
retroviral vector PU previously described by Korman et al.. supra. This recombinant 
vector, called PU-CFTR, is presented In Figure 1A. Retroviral vector PU and PU- 

35 CFTR were transfected into the amphotropic packaging celf.line TCrip as described. 
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Tissue culture media was removed from plates containing the transfected packaging 
cells 24 hours later in order to harvest the transiently produced amphotropic virus. 

CFPAC-1 cells, passaged 1:5 onto 10 cm^ plates, were exposed to viral 
supematants supplemented with polybrene (4 jig/ml) for 12 to 16 hours. When the 
5 cells reached confluence, they were passaged 1 :10 Into medium containing G418 (1 
mg/ml). Clones of cells were isolated, expanded, and cryopreserved. 
DAM and RNA Analysis of CFPA01 Clones 

High molecular weight DNA was Isolated from CFPAC-1 cells as described and 
analyzed by gel blot hybridization as described by Wilson et aL. supra (1988). Total 

10 cellular RNA was purified and subjected to RNA blot analysis of Wilson et al, supra 
(1988). Filters were hybridized with a variety of DNA probes that were labeled to a 
high specific activity using the random priming method of Feinberg. A.P. et al„ AnaL 
Biochem. 132:6-13 (1983). These probes include: 1) Exon 13 of CFTR isolated 
following PGR amplification of cloned cDNA using oligonucleotides that flank the 

1 5 borders of this exon, (NT 1 900 to 261 1 ); 2) Neo-spedfic sequences on a 960 base pair 
Hind UI to Nco I fragment of pSV2Neo, and 3) human y actin cDNA. 

Anion Efflux Measurements 

Radioisotopic anion efflux was determined as described by Venglarik et a!.. 
supra. Briefly, cell monolayers were preloaded with ^^^1 for 30 min; after two washes, 

20 efflux was monitored at 1 5 sec inten/als using a sample-replace procedure. At the end 
of the experiment, tracer remaining in the cell monolayer was extracted with 0,1 N 
HPO3. The efflux rate constant (r) for each sampling interval was calculated as follows: 
r = [In (R^) _ In (R2)]/(ti _ tg), where R^ and Rg are the percent of loaded ^^1 
remaining in the monolayer at times (t) 1 and Z Forskolin or ionomycin were added 

25 after the fifth 1 5-sec sampling intenral. The degree of agonist stimulation is expressed 
Yagonis/Y basal ^here ragQ^isi '® ^® maximal value observed In the presence of 
agonist and Yjjaggj is taken fro^^^ 

Most of the extracellular ^^1 washout occurs during the initial 60 sec of 
sampling as set forth by Venglarik et al., supra; this period was ignored in the rate 

30 constant calculations. However, a small residual efflux from the extracellular space 
after. 60 sec leads to a slight underestimatjB of the agonist response because the 
extracellular compartment washes out faster than the cellular compartment. Therefore, 
when there is no efflux response to forskolin, r determined immediately after forskolin 
addition is slightly less than that measured before forskolin Is added. This accounts 
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for the finding that Yforsk/Ybasai between 0,9 and 1.0 in the PL) clones shown in 
Figure 3B. 

WholB^Cell Current Recordings 

Macroscopic currents were recorded during whole-cell patch-clamp by methods 

5 previously described by Cliff et aL, supra. Recordings were made at 37*C with the 
following solutions (mM); bath: 115 NaCI, 40 N-methyl-D-giucamine (NMDG)- 
glutamate. 5 K-glutamate. 2 MgClg, 1 CaClg, 10 HEPES (pH 7,2); pipette: 115 KCI. 35 
NMDG-glutamate, 0,25 EGTA. 0.09 CaClg (100 nM free Ca), 2 MgCl2. 2 Na^ATP, 0.20 
NagGTP, 10 HEPES (pH 7,2). Membrane potentials were clamped alternately for 500 

10 msec duration at three voltages, two of which were chosen to equal the equilibrium 
potentials for CI (0 mV) and K (j84 mV). This permits the CI and K currents to be 
monitored during agonist responses as described by Cliff et al., supra. Pulsing was 
interrupted to detenmine current-voltage relations by stepping the clamp voltage 
between +M00 mV at 20 mV increments as shown in Figure 4C. 

1 5 SPECIFIC EXAMPLES - O 

Retrovfrus-Medlated Transduction of Pancreatic and Pulmonary Epithelial Cells 

Retrovirus-mediated gene transduction into various epithelial cells was 
optimized using a replication defective retrovirus that expresses the p-galactosidase 
gene from E. coli. This was used because expression of viral directed p-galactosidase 

20 can be detected in situ using cytochemical reaction that stains the transduced cell 
blue. The amphotropic virus producer cell line made from the p-galactosidase 
expressing BAG vector, which has t^een described previously, was used as a source 
of virus. This virus producing cell line is called BAGS. The supernatant over a 
confluent plate of BAG5 cells was hanrested, filtered, and used to Infect various 

25 epithelial cells as described below. 
Pancreatic Epithelial Cell Une 

bFPAC-1 is a ceiriirie derived frbrii ian adenocarcinoma of a patient with CF 
which expresses the cellular defect characteristic of CF (i.e. chloride channels are not 
activated In the presence of cAMP agonists). CFPAC-1 cells were spirt at various 

30 dilutions (1:2. 1:5, 1:10. and 1:20) and 24 hours later , exposed to fresh virus 
supematiants that had been supplemented with polybrene (4 jig/ml). Jwelye hours 
later the virus was replaced with fresh medium. When confluent, the cells were 
analyzed for the expression of viral directed p-galactosidase as described. Optimal 
infection efficiency was obtained with CFPAC-1 cells that were split 1 to 5 the day 

35 before infection. Under optimal conditions, a single exposure to virus led to stable 
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transduction of the p-galactosidase gene into 30-40% of the cells. Expression of p- 
galactosidase has been stable in cultured cells for over 2 months. Attempts to reinfect 
CFPAC-1 cells on subsequent days led to little augmentation of infection efficiency. 
Airway Epithelial Cells 
5 As discussed previously, ainrt^ay epithelial cells are the most desirable targets 

for gene transfer because the pulmonary complications of CF are usually its most 
morbid and Iife^imiti^g. Taussig, supra (1984). Since ainway epithelial cells are easily 
infected with recombinant retroviruses, the gene transfer approaches described in the 
preceding and following examples will also be useful for gene therapies directed to 

10 ainvay epithelial cells such as those of the lung. 

An epithelial cell line derived from an ainway of a patient with CF was used as 
a potential target for retrovirus-mediated gene transfer. These cells had been 
described previously and have been called T43 cells. Freshly harvested BAGS virus 
was supplemented with polybrene and exposed to T43 cells that had been split 1 :5. 

1 5 24 hours previously. Cells were exposed to vims for 1 2-1 8 hours and allowed to grow 
to confluence before being analyzed for viral directed p-galactosidase expression using 
the previously described cytochemical assay. Under optimal conditions, greater than 
25% of CFPAC cells were stably transduced with the p-galactosidase gene after a 
single exposure to vrtrus. 

20 Direct Delivery of CFTR Expressing Vectors to the Airway Epithelial Cells 

One approach to the use of recombinant retroviruses and the treatment of CF 
is to introduce a functional CFTR gene into epithelial cells in vivo by directly delivering 
retroviruses into the airway. Several approaches can be taken for the direct delivery 
of retroviruses. The more invasive approach would be to intubate the patient and 

25 lavage the airway with concentrated solutions of CFTR expressing retroviruses. Stable 
retroviral expression requires that the proviais integrates into chromosomal DNA. This 
occurs most efficieritly if the redpient dells are dividing. It may be necessary .to 
stimulate regeneration of the epithelial soon after exposure to virus. This could be 
accomplished with mechanical or chemical Irritation of the ainway. 

30 . The less morbid approach would be to deliver the normal CFTR gene to airway 
epithelial cells in vivo by a nebulized preparation that can be inhaled,. Many different 
pharmacologic agents are efficiently delivered to a large surface of the airway by 
nebulized treatments. It is possible that the beneficial effect achieved by this method 
may be transient It may, therefore, be necessary to give repeated doses of the drug. 

35 The gene delivery system used for direct gene introduction may not have to be viral 
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based. Direct inhalation of DNA protein complexes or DMA expression vectors in 
liposomes may be a safer and more effective gene delivery system than retroviruses. 
Transplantation of Genetically Modified Airway Epithelial Cells 

This approach to somatic gene therapy of CF is similar in concept to bone 
5 marrow directed gene therapy. We would propose to isolate ainvay epithelial cells 
from the CF patient, establish cultures of the cells, use recombinant retroviruses 
described in this invention to stably correct the defect in the cells, and transplant the 
genetically modified cells into the patient so they can repopulate the ainvay. In order 
to achieve efficient repopulation in the ain/vay with genetically modified cells, It may be 

1 0 necessary to perturb the integrity of the endogenous epithelial lining through 
mechanical or chemical irritation. 
Alternative Gene Transfer Delivery Systems 

Other gene deliveries systems for genetic correction of CF defects also fail 
within the scope of the present invention. For these experiments plasmid-based DNA 

1 5 vectors will be used. An example of such a vector is BA-CFTR BQ presented in Figure 
7, This is a simple 7762 bp transfection-based vector in which transcription is initiated 
from actin flanking systems and terminated from heterologous 3' polyadenylation p 
sequences. 

The vector was constructed in the following manner. The backbone contained 
20 sequences from PCI 8 (nucleotide 6928 to 4553) the 5' flanking region of the chicken 
p actin gene (nucleotide 6928 to 7754) and 3' flanking sequences of Bovine growth 
hormone polyadenylation signal (nucleotide 4827 to 4553). The full length CFTR 
sequences spanning the entire coding region, and containing the three nucleotide 
changes discussed earlier, were removed from the vector CFTR on a Sac I to Sal I 
25 fragment 8nd cloned into the vector backbone described above. 

It will l:>e appreciated by those skilled in the art that this vector could be used 

Upofecilon 

The previously described procedure is based on the encapsidation of DNA 
30 liposomes. When cells are incubated with liposomes, they take up the DNA and 
express it We proposed to dilute DNA of an expression vector and lipid (DOTMA) to 
1.5 ml in Hepes buffered saline and mix these constituents to form lipid-DNA 
complexes. Uposomes could then be used to transfect ainway ceils in vivo by lavaging 
an Intubated patient witti liposome containing solution or by administering the 
35 liposomes by inhalation. 
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DNA-ProteIn Complexes 

An alternative approach to targeted gene delivery is through the lormation of 
a DNA protein complex. This type of gene transfer substrate is constructed in the 
following manner. A polypeptide ligand for a receptor on a respiratory epithelial cell 
5 is conjugated to polylysine with ethylidene diamine carbodiimide as described. This 
protein conjugate is complexed to DNA of a transfection vector by mixing equal mass 
quantities of protein conjugate and DNA in 0.25 molar sodium chloride. The 
DNA/p. 'ein complex is taken up by respiratory aioA^ay cells and the gene is 
expressed. This could be used to directly deliver the CFTR gene to airway epithelial 
10 cells in vivo using the approaches described for liposomes. 

It is apparent that many modifications and variations of this invention as set 
forth as may be made without departing from the spirit and scope thereof. The specific 
embodiments described herein are given by way of example only and the invention is 
limited only by the terms of the appended claims. 
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SEQUENCE LISnNG 

I i 

AAT TGG AAG CAA ATG ACA TCA CAG CAG GTC AGA GAA AAA GGG TTG 45 

AGC GGC A6G CAC CCA GAG TAG TAG GTC TTT G6C AH AGG AGC TTG 90 

AGC CCA GAC GGC CCT AGC AGG GAC CCC AGC GCC CGA GAG ACC ATG 135 

M 

CAG AGG TCG CCT CTG GAA AAG GCC AGC GTT GTC TCC AAA CTT TTT 180 
QRSPLEKAS VVSKLF 

TTC AGC TGG ACC AGA CCA ATT TTG AGG AAA 6GA TAC AGA CAG CGC 225 
FSWTRPILRKGYRQR 

CTG GAA TTG TCA GAC ATA TAC CAA ATC CCT TCT GH GAT TCT GCT 270 
LELSDIYQIPSVDSA 



GAC AAT CTA TCT GAA AAA HG GAA AGA GAA TGG GAT AGA GAG CTG 315 
DNLSEKLEREWDREL 

GCT TCA AAG AAA AAT CCT AAA CTC ATT AAT GCC CTT CGG CGA TGT 360 
ASKKN PKLINALRRC 

TTT TTC TGG AGA TTT ATG TTC TAT GGA ATC TTT TTA TAT TTA GG G 405 
F F W R FMFYGIFLYLG 

GAA GTC ACC AAA GCA GTA CAG CCT CTC TTA CTG GGA AGA ATC ATA 450 
EVTKAVOPLLL G R I I 

GCT TCC TAT GAC CCG GAT AAC AAG GAG GAA CGC TCT ATC GCG ATT 495 
ASYDPDNKEE R S I A I 

TAT CTA GGC ATA GGC TTA TGC CH CTC TTT ATT GT6 AGG ACA CTG 540 
YL6IGLCLLFIVRTL 



CTC CTA CAC CCA GCC ATT TTT. .GGC. CTT CAT. CAC ATT. GGA AT&.. CAG. 
_L L. H P A I F G L H H I G H Q 



585 



ATG AGA ATA GCT ATG TTT AGT TTG ATT TAT AAG AAG ACT TTA AAG 630 
MRIAMFSLIYKKTLK 



CTG TCA A6C CGT GU CJk GAT AAA ATA AGT ATT GGA CAA CTT GH 675 
LSSRVLDKISIGQLV 

AGT CTC CTT TCC AAC AAC CTG AAC AAA TH GAT GAA GGA CTT GCA 720 
SLLSNNLNKFOEG L A 
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HG GCA CAT TTC GTG T6G ATC GCT CCT TTG CAA GTG GCA CTC CTC 765 
LAHFVWIAPLOVALL 

ATG GGG CTA ATC TGG GAG TTG TTA GAG 6CG TCT GCC TTC TGT 6GA 810 
M 6 L I W E L L Q A S A F C G 

CTT GGT nC CTG ATA GTC CTT GCC CTT TTT CAG GCT GGG CTA GGG 855 
LGFLIVLALF0A6LG 



AGA ATG ATG ATG AA6 TAC AGA GAT CAG AGA GCT GGG AAG ATC AGT 900 
RMMMKYRDQRAGK IS 

GAA AGA CTT GTG AH ACC TCA GAA ATG ATT GAA AAT ATC CAA TCT 945 
ERLVITSEMIENIQS 

GTT AAG GCA TAC TGC TGG GAA GAA GCA ATG GAA AAA ATG ATT GAA 990 
VKAYCWEEAMEKMIE 



AAC TTA AGA CAA ACA GAA CTG AAA CTG ACT C6G AAG GCA GCC TAT 1035 
NLRQTELKLTRKAAY 

GTG AGA TAC TIC AAT AGC TCA GCC UC TTC HC TCA GGG TTC TTT 1080 
V R Y F N S SAFfFSGFF 

GTG GTG TTT TTA TCT GTG CTT CCC TAT GCA CTA ATC AAA GGA ATC 1125 
VVFLSVLPYALI K _G I 

ATC CTC CGG AAA ATA TTC ACC ACC ATC TCA TTC TGC ATT GTT CTG 1170 
ILRKIFTTISFCIVL 

CGC ATG GCG GTC ACT CGG CAA TTT CCC TGG GCT GTA CAA ACA TGG 1215 
R M A V TRQFPWAVQTW 

TAT GAC TCT CTT GGA GCA ATA AAC AAA ATA CAG GAT TTC TTA CAA 1260 
YDSLGAINKIQDFLQ 

AAG CAA GAA TAT AAG ACA TTG GAA TAT AAC TTA ACG ACT ACA GAA 1305 
KQEYKTLEYNLTTTE 

GTA GTG ATG GAG AAT GtA ACA GCC HC TGG GAG GAG GGA TTT GGG 1350 
VVMEN VTAFWEEGF G 

GAA HA TTT GAG AAA GCA AAA CAA AAC AAT AAC AAT AGA AAA ACT 1395 
ELFEKAKQNNNNRKT 



TCT AAT GGT GAT GAC AGC CTC TTC TTC AGT AAT HC TCA CTT CH 1440 
SNGDDSLFFSN F S L L 

GGT ACT CCT GTC CTG AAA GAT ATT AAT TTC AAG ATA GAA AGA GGA 1485 
GTPVLKDINFKIER6 
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CAG TTG TTG GCG GTT GCT GGA TCC ACT GGA 6CA GGC AAG ACT TCA 1530 
OLLAVAGSTGAGKTS 

cn CTA ATG ATG ATT ATG GGA GAA CTG GAG CCT TCA GAG GGT AAA 1575 
LLMMIMGELEPSEGK 



AH AAG CAC AGT GGA AGA ATT TCA TTC TGT TCT CAG TTT TCC TGG 1620 
IKHSGRISFCSQFSM 



ATT ATG CCT GGC ACC ATT AAA GAA AAT ATC ATC TTT GGT GTT TCC 1665 
IHPGTIKENIIFGVS 

TAT GAT GAA TAT AGA TAC AGA AGC GTC ATC AAA GCA TGC CAA CTA 1710 
YDEYRYRSVIKACOL 

GAA GAG GAC ATC TCC AAG TTT GCA GAG AAA GAC AAT ATA GTT CTT 1755 
EEDISKFAEKDNIVL 

GGA GAA GGT GGA ATC ACA CTG AGT GGA GGT CAA CGA GCA AGA ATT 1800 
GEG6ITLS6G0RARI 

TCT TTA GCA AGA GCA GTA TAC AAA GAT GCT GAT TTG TAT TTA HA 1845 
SLARAVYKDADLYLL 



GAC TCT GCT TTT GGA TAC CTA GAT GTT TTA ACA GAA AAA GAA ATA 1890 
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GAG TTT G6G GAA AAA AGG AAG AAT TCT ATT CTC AAT CCA ATC AAC 2250 
EFGEKRKNSILNPIN 

* 0 

TCT ATA CGA AAA TTT TCC AH GTG CAA AAG ACT CCC TTA CAA ATG 2295 
SIRKFSIVQKTPLQM 

AAT GGC ATC GAA GAG GAT TCT GAT GAG CCT TTA GAG AGA AGG CTG 2340 
N 6IEEDSDEPLERRL 



TCC TTA GTA CCA GAT TCT GAG CA6 6GA GAG GCG ATA CTG CCT CGC 2385 
SLVPDSEQGEAILPR 

ATC AGC GTG ATC AGC ACT GGC CCC ACG CTT CAG GCA CGA AGG AGG 2430 
ISVISTGPTLQARRR 

0 

CAG TCT GTC CTG AAC CTG ATG ACA CAC TCA GH AAC CAA GGT CAG 2475 
QSVLNLMTHSVNQGQ 

0 * * 0 

AAC ATT CAC CGA AAG ACA ACA GCA TCC ACA CGA AAA GTG TCA CTG 2520 
NIHRKTTASTRKVSL 



GCC CCT CAG GCA AAC TTG ACT GAA CTG GAT ATA TAT TCA AGA AGG 2565 
APQANLTELDIYSRR 

TTA TCT CAA GAA ACT GGC HG GAA ATA AGT GAA GAA AH AAC GAA 2610 
LSQETGLEISEEINE 

GAA GAC TTA AAG GAG TGC CTT TTT GAT GAT ATG GAG AGC ATA CCA 2655 
EDLKECLFDDMESIP 

GCA GTG ACT ACA TGG AAC ACA TAC CTT CGA TAT AH ACT GTC CAC 2700 
AVTTWNTYLRYITVH 

AAG AfiP TTA -ATT..TTT GTG €TA: ATT TGG TGC HA GTA ATT TTT GTG -2745 • 
K S L IFVLIWCLVIFL 

GCA GAG GTG GCT 6CT TCT TTG GTT GTG CTG TGG CTC CTT GGA AAC 2790 
AEVAASLVV L W L L G N 

+ + 
ACT CCT CTT CAA GAC AAA 6G6 AAT AGT ACT CAT AGT AGA AAT AAC 2835 
TPLQDKGNSTHSRNN 

AGC TAT GCA GTG ATT ATC ACC AGC ACC AGT TCG TAT TAT GTG TTT 2880 
S Y A V I I T S T S S Y Y V F 
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TAC ATT TAC GTG 6GA GTA GCC GAC ACT TTG CTT GCT ATG GGA TTC 2925 
Y lYVGVADTLLAMGF 

TTC AGA GGT CTA CCA CTG GTG CAT ACT CTA ATC ACA GTG TCG AAA 2970 
FRGLPLVHTLITVSK 

ATT TTA CAC CAC AAA ATG TTA CAT TCT GH CTT CAA GCA CCT ATG 3015 
I LHHKMLHSVLQAPM 



TCA ACC CTC AAC ACG TTG AAA GCA GGT G66 ATT CTT AAT AGA HC 3060 
STLNTLKAG6ILNRF 

TCC AAA GAT ATA GCA ATT TTG GAT GAC CTT CTG CCT CTT ACC AJA 3105 
SKDIAILDDLLPLT_I 

TTT GAC TTC ATC CAG TTG TTA TTA ATT GTG ATT GGA GCT ATA GCA 3150 
FDFIOLLLIVIGAIA 

GTT GTC GCA GH TTA CAA CCC TAC ATC TTT GTT GCA ACA GTG CCA 3195 
V V A V L Q P Y I F V A T V P 

GTG ATA GTG GCT TTT ATT ATG TTG AGA GCA TAT TTC CTC CAA ACC 3240 
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ATG CGA TCT GTG AGC CGA GTC TTT AAG HC ATT GAC ATG CCA ACA 3645 
MRSVSRVFKFIDMPT 
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GAA GGT AAA CCT ACC AAG TCA ACC AAA CCA TAC AAG AAT GGC CAA 3690 
E6KPTKSTKPYKNGQ 

CTC TCG AAA 6TT ATG ATT ATT GAG AAT TCA CAC GTG AAG AAA GAT 3735 
LSKVHIIENS HVKKD 

* * 

GAG ATC T6G CCC TCA GGG GGC CAA ATG ACT GTC AAA GAT CTC ACA 3780 
DIWPSGGQMTVKDLT 



GCA AAA TAC ACA GAA GGT GGA AAT GCC ATA TTA GAG AAC ATT TCC 3825 
A K YTE6GNAILENIS 

TTC TCA ATA AGT CCT GGC CAG AGG GTG GGC CTC TTG GGA AGA ACT 3870 
FS ISPGORVGLLGRT 

* 

GGA TCA GGG AAG AGT ACT HG TTA TCA GCT TTT TTG AGA CTA GTG 3915 
GSGKSTLLSAFLRLL 

AAC ACT GAA GGA GAA ATC CAG ATC GAT GGT GTG TCT TGG GAT TCA 3960 
NTEGEI0ID6VSWDS 

ATA ACT TTG CAA CAG TGG AGG AAA GCC TTT GGA GTG ATA CCA CAG 4005 
ITLOQWR KAFGVIPO 



AAA GTA TTT ATT TTT TCT GGA ACA TTT AGA AAA AAC TTG GAT CCC 4050 
KVFIFSGTFRKNLDP 

TAT GAA CAG TGG AGT GAT CAA GAA ATA TGG AAA GTT GCA GAT GAG 4095 
YEQWSDQ EIWKVADE 

GTT GGG CTC AGA TCT GTG ATA GAA CAG TTT CCT GGG AAG CTT GAG 4140 
VGLRSVIEQFPGKLD 

TTT GTC CTT GTG GAT GGG GGC TGT GTC CTA AGC CAT GGC CAC AAG 4185 
FVLVDGGCVLSHGHK 

CAG TTG ATG TGC TTG GCT AGA TCT GTT CTC AGT AAG GCG AAG ATC 4230 
OLMCLARSVLSKA KI 

TTG CTG Cn GAT GAA CCC AGT GCT CAT TTG GAT CCA GTA ACA TAC 4275 
I LLDEPSA HLDPVTY 



CAA ATA ATT AGA AGA ACT CTA AAA CAA GCA TTT GCT GAT TGC ACA 4320 
0 I I R R TLKQAFADCT 

GTA AH CTC TGT GAA CAC AGG ATA GAA GCA ATG CTG GAA TGC CAA 4355 
VILCEHRIEAML ECQ 
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CAA TTT TT6 GTC ATA GAA GAG AAC AAA GTG CGG CAG TAC GAT TCC 4410 
QFLVIEENKVRQYDS 

ATC CAG AAA CTG CTG AAC GAG AGG AGC CTC TTC CGG CAA GCC ATC 4455 
IQKLLNERSLFRQAI 

* * 
AGC CCC TCC GAC AGG GTG AAG CTC TTT CCC CAC CGG AAC TCA AGC 4500 
SPSDRVKLFPHRNSS 

AAG TGC AAG TCT AAG CCC CAG ATT GCT GCT CTG AAA GAG GAG ACA 4545 
K CKSKPQIAALKEET 

GAA GAA GAG GTG CAA GAT ACA AGG CH TAGAGAGCAGCATAAATG 4590 
EEEVQDTRL 

TTGACATGGGACATTTGCTCATGGAATT6GAGCTCGTGGGACAGT 4635 

CACCTCATGGAATTGGAGCTCGTGGAACAGTTACCTCTGCCTCAG 4680 

AAAACAAGGATGAATTAA61 1 1 1 1 i I i lAAAAAAGAAACATTTGG 4725 

TAAGGGGAATTGAGGACACT6ATATGGGTCTTGATAAATGGCTTC 4770 

CTGGCAATAGTCAAATTGT6TGAAAGGTACTTCAAATCCTTGAAG 4815 

ATTTACCACTTGTGTTTT6CAAGCCAGATTTTCCTGAAAACCCTT 4860 

GCCATGTGCTA6TAATTGGAAAGGCAGCTCTAAATGTCAATCAGC 4905 

CTAGTTGATCAGCTTATTGTCTAGTGAAACTCGTTAATTTGTAGT 4950 

GnGGAGAAGAAaGAAATCATACTTCTTAGGGTTATGATTAAGT 4995 

AATGATAACTGGAAACTTCAGCGGTTTATATAAGCnGTATTCCT 5040 

TTTTCTCTCCTCTCCCCATGATGTTTAGAAACACAACTATATTGT 5085 

TTGCTAAGCATTCCAACTATCTCATTTCCAAGCAAGTAnAGAAT 5 130 

.ACCACAGGMCCACAAGACTGCAD^TCAMATATGCCCC^^^ 5175- 

CATCTAGTGAGCAGTCAGGAAAGAGAACTTCCAGATCCT6GAAAT 5220 

CAGGGTTAGTATTGTCCAGGTCTACCAAAAATCTCAATATTTCAG 5265 

ATAATCACAATACATCCCmCCTGGGAAAGGGCTGTTATAATCT 5310 

TTCACAGGGGACAGGATGGTTCCCTTGATGAAGAAiStTGATATGC 5355 

CTTTTCCCAACTCCAGAAAGTGACAAGCTCACAGACCTnGAACT 5400 

AGAGTTTAGCTGGAAAAGTATGTTAGTGCAAATTGTCACAGGACA 5445 

GCCCTTCTTTCCACAGAAGCTCCAGGTAGA66GTGTGTAAGTAGA 5490 
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TAGGCCAT6GGCACTGTGGGTAGACACACATGAAGTCCAAGCATT 5535 

TAGATGTATAGGTTGATGGTGGTATGTnrrCAGGaAGATGTATG 5580 

TACnCATGCTGTCTACACTAAGAGAGAATGAGAGACACACTGAA 5625 

GAAGCACCAATCATGAAnAGTTTTATATGCTTCTGTTTTATAAT 5670 

mGIGAAGCAAAATTTTTTCTCTAGGAAATATTTATTTTAATAA 5715 

TGTTTCAAACATATATTACAATGCTGTATTTTAAAAGAATGATTA 5760 

TGAAmCATTTGTATAAAATAATTTTTATATTTGAAATAnGAC 5805 

TTmATGGCACTAGTATTTTTATGAAATATTATGTTAAAACTGG 5850 

GACAGGGGAGAACCTAGGGTGATATTAACCAGGGGCCATGAATCA 5895 

CCTTTTG6TCTGGAGGGAAGCCTTGGGGCTGATC6AGTT6TTGCC 5940 

CACAGCTGTATGAnCCCAGCCAGACACAGCCTCnAGATGCAGT 5985 

TCTGAAGAAGAT6GTACCACCAGTCTGACTGTTTCCATCAAGGGT 6030 

ACACTGCCTTCTCAACTCCAAACTGACTCTTAAGAAGACTGCATT 6075 

ATATTTATTACTGTAAGAAAATATCACTTGTCAATAAAATCCATA 6120 
CATTTGTGTAAAAAAAAAAAAAAAAA 
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WE CLAIM: 

1 . A method of treatment of a defect in the gene for CFTR in a target cell 
comprising the steps of: 

a) providing a normal C1=TR gene; and 
5 b) transferring in the normal CFTR gene into the cell under 

conditions favorable for transfer and complementation. 

2. The method of Claim 1, wherein the step of transferring further 
comprises the step of viral vectornnediated gene transfer. 

3. The method of Claim 1, wherein the step of transferring further 
10 comprises the step of plasmid vectornmediated gene transfer. 

4. The method of Claim 1, wherein the step of transferring further 
comprises the step of lipofection. 

5. The method of Claim 2, wherein the step of transferring further 
comprises the step of DMA protein complex-mediated gene transfer. 

15 6. The method of Claim 1 , wherein the target cell is an epithelial cell. 

7. The method of Claim 2, wherein the virus of the step of viral-mediated 
gene transfer comprises a retrovirus. 

8. The method of Claim 6, wherein the epithelial cell is an airway epithelial 

cell. 

20 9. The method of Claim 6, wherein the epithelial cell is pancreatic cell. 

10. The method of Claim 6. wherein the epithelial ceil is selected from a 
group consisting of sweat gland, intestinal, liver and kidney cells. 

1 1 . The method of Claim 7, wherein the retrovirus is replication-defective. 

12. A recombinant viral vector for treating a defect in the gene for CFTR in 
25 a target cell, the vector comprising: 

a) the DN A of at least a portion of the genome of a 
portion is capable of infecting the target cell; and 

b) a normal CFTR gene operatively linked to the DNA portion of the 
viral genome and capable of expression in the target cell in vivo or in vitro. 

30 13. The recombinant vector of Claim 12, wherein the virus is a retrovirus. 

14. The recombinant vector of Claim 13, wherein the retroviral genome is 
replication-defective. 

1 5. The recombinant vector of Claim 1 3, further comprising PU. 
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16. The recombinant vector of Claim 15, wherein the vector provirus is 
substantially as shown in Figure 1A. 

17. The recombinant vector of Claim 13, wherein the defect being treated 

causes cystic fibrosis. 

5 18. The recombinant vector of Claim 12, wherein the target cell is an 

epithelial cell 

19. The recombinant vector of Claim 17, wherein the epithelial cell is 
pancreatic. 

20. The recombinant vector of Qaim 17, wherein the epithelial cell is an 

10 ainway epithelial cell. 

21 . The recombinant vector of Claim 17, wherein the epithelial cell is a cell 
selected from the group consisting of sweat gland, intestinal, liver and kidney cells. 

22. The recombinant vector of Claim 1 8. further comprising PU. 

23. The recombinant vector of Claim 1 9, further comprising PU. 

15 24. The recombinant vector of Claim 15, wherein the normal CFTR gene 

contains silent mutations stabilizing expression. 

25. A method of treating cystic fibrosis in a patient comprising the steps of: 

a) providing a recombinant viral vector comprising DNA of at least 
a portion of a retroviral genome, which portion Is capable of infecting an epithelial cell 

20 and a normal CFTR gene operatively linked thereto and capable of expression in the 
target cell; and 

b) contacting an epithelial cell population of tiie patient under 
conditions favorable for transduction for a time sufficient for transduction to occur in 
at least a portion of the cell population contacted. 

25 26, The method of Claim 25. wherein the contacting is done in vivo. 

27. The method of Claim 25, wherein the recombinant viral vector is 
replication-defective. 

28. The method of Claim 25. wherein the cell population comprises 
pancreatic cells. 

30 29. The method of Claim 25, wherein the cell population comprises ainway 

epithelial cells. 

30. The method of Claim 25. wherein the cell population comprises a cell 
population selected from the group consisting of sweat gland cells, intestinal cells, liver 
cells and kidney cells. 
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31 . The method of Claim 25, wherein the cell population is contacted in vitro 
and at least of portion thereof reintroduced into the patient after transduction. 

32. The method of Claim 27, wherein the recombinant retroviral vector 
comprises PLJ. 

5 33. A CF cell which expresses a normal CFTR gene introduced therein 

through retroviral transduction. 

34. The cell of Claim 23. wherein the cell is derived from a PU-CFTR clone 
selected from the group consisting of PU-CFTR done 1 and 3 through 20. 

35. A complementation assay for a nucleic acid sequence comprising a 
10 putativety defective CFTR gene, the assay comprising: 

a) a CFTR defective cell population; 

b) a recombinant vector capable of infecting and transferring a 
CFTR gene to the CFTR defective cell population and carrying the nucleic acid 
sequence being assayed; 

15 c) means for screening for the presence and/or level of CFTR 

function In the cell population after infection by the recombinant vector. 



36. A method of assaying for putative CF mutations in a nucleic acid 
sequence, the method comprising the steps of: 

a) providing a vector recombined with the nucleic acid sequence; 
20 fa) providing a CFTR defective cell population; 

c) infecting the CFTR defective cell population with the recombined 
vector under conditions favorable to transduction for a time sufficient for transduction 
to occur; and 

d) screeniing for compiemerrtation of CFTR function in .the 
25 transduced cell population after infection. 
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STABLE PROPAQATZOH OF MODIFIED FULL 
LENGTH CYSTIC FIBROSIS TRANSMEMBRAMB 
CONDDCTAMCB REGULATOR PROTEIN 
CDNA IN HETEROLOGOUS SYSTEMS 

5 FTRT.D OF THE INVENTION 

This invention relates to modifications in the cDNA 
of full length cystic fibrosis transmembrane conductance 
regulator protein (CFTR) which facilitates propagation 
and/or expression in heterologous systems. 

10 BACKGROUND OF THE INVENTION 

Cystic fibrosis (CF) is the most common, life- 
threatening, autosomal recessive disease in the Caucasian 
population. Approximately 1 in 2,500 live births is 
affected by this genetic disorder. Obstructive lung 

15 disease, pancreatic enzyme insufficiency and elevated 
sweat electrolytes are the hallmarks for CF but the 
severity of these symptoms vary from patient to patient. 
Patients with CF usually die at an early age due to Ixing 
infection. With recent advances in clinical treatments, 

20 which are directed against the symptoms, the mean 

survival age for patients has increased to 26 years. 

Despite intensive research efforts for the past 
fifty years, the basic defect in CF remains to be 
speculative. It is generally believed that the heavy 

25 mucus found in the respiratory tracts and the blockage of 
exocrine secretion from the pancreas are due to imbalance 
in water secretion which is the consequence of a defect 
in the jregiilation of ion trahsport in the epithelial - 
cells. 

30 The precise localization of the CF locus on the long 

arm of chromosome 7, region q31, facilitated the recent 
isolation of the responsible gene. The CF gene spans 250 
kilobase pairs (kb) of DNA and encode a mRNA of about . 
6,500 nucleotides in length. The CFTR gene is disclosed 

35 and claimed in United States application S.N. 401,609 
filed August 31, 1989. That applicatioji is co-owned by 
the applicant of this application. 
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Expression of this gene could be observed in a 
variety of tissues that are affected in CP patients, for 
example, lung, pancreas, liver, sweat gland and nasal 
epithelia. An open reading frame spanning 1480 amino 
5 acids could be deduced from the overlapping cDNA clones 
isolated. The putative protein as noted is called 
••Cystic Fibrosis Transmembrane Conductance Regulator" or 
CFTR for short, to reflect its possible role in the 
cells. The predicted molecular mass of CFTR is about 
10 170,000. 

Based on sequence alignment with other proteins of 
known functions, CFTR is thought to be a membrane- 
spanning protein which can function as a cyclic AMP- 
regulated chloride channel. The internal sequence 

15 identity between the first and second half of CFTR 

resembles the other prokaryotic and eukaryotic transport 
proteins, most notably, the mammalian P-glycoprotein. 

The most frequent mutant allele of the CF gene 
involves a three base pair (bp) deletion which results in 

20 the deletion of a single amino acid residue 

(phenylalanine) at position 508, within the first ATP- 
binding domain of the predicted polypeptide. Although 
this mutation (AF508) accounts for about 70% of all CF 
chromosomes, there is marked difference in its proportion 

25 among different populations. The remaining 30% of 

mutations in the CF gene appear to be heterogeneous and 
most of them are rare, with some represented by only 
single ^jcasipliss , as referenced in -applicant ' s Canadian ; 
patent application filed July 9, 1990. 

30 The mutation screening study confirms that the ATP- 

binding domains detected by sequence alignment is 
important for CFTR function as multiple, different 
mutations have been found for many of the highly 
conserved amino acid residues in these regions. The 

35 locations of the various mutations also identified other 
-; functionally important regions in. CFTB. There , is, for. 
example, a section three bp deletion riesulting in the 
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omission of an isoleucine residue at position 506 or 507 
of the putative protein. While amino acid substitutions 
at these positions are apparently not disease-^causing, 
this observation argues that the length of the peptide is 
5 more critical than the actual amino acid residue in the 
506-508 region. Further, the existence of a large number 
of nonsense, frameshift as well as^ mRNA splicing 
mutations in the CF gene implies that absence of CFTR is 
not incompatible with life, 
10 The varied symptoms among different CF patients 

suggest that disease severity is at least in part related 
to the mutations in the CF gene. Such association, which 
is expected to be concordant* among patients within the 
same family, as they should have the same genotype at the 
15 CF locus, is observed for pancreatic function. 

Approximately 85% of CF patients are severely deficient 
in pancreatic enzyme secretion, thus diagnosed as 
pancreatic insufficient (PI) , and the other 15% have 
sufficient enzyme, thus pancreatic sufficient (PS) . 
20 Feuaily studies showed that there was almost complete 
concordance of the pancreatic status among patients 
within the same family, leading to the suggestion that PI 
and PS are predisposed by the patients' genotypes. 
Subsequent studies showed that patients homozygous for 
25 the AF508 mutation were almost exclusively PI. This 
information may be useful in disease prognosis. 

There are other mutations that would be classified 
> in the same group as AF508, the sO'-called severe mutant 

alleles with respect to pancreatic function. In 
30 contrast, patients with one or two copies of other class 
(i.e. mild) of alleles are expected to be PS. Meconium 
ileus which is observed in about 30% of CF patients 
appears to be a clinical variation of PI and not directly 
determined by the CF genotype. Other clinical 
35 manifestations are more complicated and no apparent 
association has yet been detected. . 
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With the identification of the CF gene, a better 
understanding of the basic defect and pathophysiology of 
the disease can now be attained. Progress and advance 
are being made in studies of the regulatory mechanisms 
5 governing the expression of this gene, and of the 

biosynthesis and subcellular localization of the protein 
(through generation of antibodies against various parts 
of the protein) . In addition, it is important to develop 
effective assay systems for the function of CFTR. This 

10 information may be useful in development of rational 
therapies, including gene therapy. 

In order to obtain a DNA sequence containing the 
entire coding region of CFTR, it is necessary to 
construct a full-length cDNA from overlapping clones 

15 previously isolated. A major difficulty has been 

encountered in the process, however. As the various 
proportions of the full-length cDNA is being linked 
together by standard procedures; i.e., restriction enzyme 
cutting and ligation, with plasmid vector in E«*«r»chi. 

20 cou, frequent sequence rearrangement has been detected in 

the resulting construct. 

For purposes of better understanding of the 
regulatory functions of the CFTR protein and also for 
purposes of gene and drug therapy, it is useful to be 

25 able, in a commercial way, to propagate and express the 
normal CFTR gene and various mutant CFTR genes in a 
variety of hosts which include bacteria, yeast, molds, 
plant and animal cells ahd thie like. 

Although propagation and expression of the cDNA 

30 sequence for the CFTR gene can be achieved in some 
vehicles, there are, however, the aforementioned 
difficulties in obtaining stable propagation of the cDNA 
in some types of bacteria, particularly e. cou. It is 
thought that the cDNA contains sequence portions which, 

35 when propagated in the bacteria, results in a toxic 

effect which is countered by lack of propagation of the 
cDNA in the microorganism. 
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INVENTION SUMMARY 

We have discovered that a modification of a cDNA 
repeat sequence in exon 6 of the CFTR gene without 
modifying the amino acids encoded by the changed codons 
5 facilitates propagation and/or expression of the CFTR 
protein in living cells and in particular bacterial 
cells. 

According to an aspect of the present invention, a 
modified DNA sequence derived from a gene coding for 
10 cystic fibrosis transmembrane conductance regulator 
(CFTR) protein^ the gene having at least 27 exons of 
which normal cDNA codes for CFTR protein, the normal cDNA 
including exons 6a and 6b wherein exon 6b includes a 13- 
bp repeat, 

15 the modified DNA sequence comprises at least one of 

the 13 bp repeats of exon 6b having one or more normal 

nucleotides of the 13 bp repeat substituted with an 

alternate nucleotide which continues to code for a 

corresponding normal amino acid. 
20 According to another aspect of the present 

invention, a DNA construct for use in a recombinant 

vector comprises the modified cDNA. 

According to a another aspect of the present 

invention, a vector which comprises the DNA construct 
25 and a promoter sequence for the DNA construct. I 
According to futher aspect of the present invention, | 

a host cell for producing CFTR protein, the host cell | 

comprises the above -vector whereby expression of the i 

vector in the host cell produces CFTR protein. 
3 0 According to another aspect of the present 

invention, a CFTR protein isolated and purified from 

culture of the host cell. 

According to a further aspect of the present 

invention, a mammalian cell transfected with the above 
35 vector to enhance CI" conductance through a cell wall. 
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r> f!SCRTPTTOW OF DRAWINGS 

Figure 1 is the nucleotide sequence of the CF gene 
and the amino acid sequence of the CFTR proteins- 
Figure 2 is a schematic diagram of the CF gene and 
5 its protein product. (A) Gene structure with exons 

represented by open boxes; (B) Computer-predicted primary 
structure of CFTR; and (C) Model of CFTR showing possible 
relationship with cellular membrane and potential 
glycosylation site (-CHO) ; 

10 Figure 3 is a DNA sequence of exon 6b. The 

nucleotide positions (877-1002) for exon 6 correspond to 
the previous cDNA nvunbering scheme (Riordan et al 1989). 
The 13 bp direct repeats are vmderlined. The consensus 
prokaryotic transcription signals (at positions -35 and - 

15 -10) are included for comparison. The modified 

nucleotides in pCOF-1; pBQ6.2 and pBQ4.7 are shown 
underneath. 

Figure 4 is a schematic diagram showing the three 
basic steps in the construction of full-length CFTR cDNA. 

20 Figure 5 is the generation of the 5' end of CFTR 

cDNA for the expression vector pCOF-1. Two overlapping, 
oppositely oriented oligonucleotides, Cofl (44-mer) and 
Cof2 (40-mer) , were used in the generation of the exon 1 
sequence. A double stranded molecule was synthesized 

25 from these two oligonucleotides with the Klenow fragment 
of DNA polymerase. An Ncol site was introduced at the 
initiation codon to facilitate subsequent cloning. The 
ipCR-geherated f wa^* diqtest6d 'with Ncol and iPviill : 
and ligated to the remaining portions of the CFTR cDNA, 

30 including the PvuII to Xbal fragment of cDNA clone 10-1, 
the PCR-modified middle fragment and the 3» fragment . 
The procedures used to generate the two latter segments 
are described with reference to Figures 6 and 7. The - 
position of the human metallothionein II A promoter, the 

35 bacterial ampiclllin-resistance gene, the pBR origin of 
replication and the SV40 origin of replication are 
marked • 
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Figure 6 is 3 'end construction. The 3' coding 
region of the expression vector (pCOF-1) and pBQ6.2 
was constructed in two sequential cloning steps. Firsu, 
the 3' most portion, including the end of the coding 
5 sequence and the 3' untranslated region, was prepared by 
ligating a fragment from T16-4.5 (generated by Bcol 
partial digestion) to a fragment from the genomic clone 
TE27 (Rommens et al 1989) . The resulting fragment was 
then joined with the Sphl-BstXI fragment from Cl-1/5 

10 (riordan et al 1989) at the BsXI restriction site to 
yield a 4 kb 3 • end fragment. 

Figure 7 is a schematic diagram showing the 
synthesis of the middle segment containing the modified 
sequence. Details are described herein. 

15 Figure 8 is propagation vectors pBQ4 . 7 and pBQ6 . 2 . 

The construction of these plasmids are provided in 
description of the invention. Key restriction sites are 
marked. The sizes of the transcripts generated by the T7 
RNA polymerase (from the PstI site to each of the marked 

20 restriction sites ) are also indicated (in kilobases) . 
Figure 9 is DNA sequencing ladder showing the 
modified sequence in exon 6b. The sequencing reaction 
was performed with the use of an oligonucleotide primer 
(19-mer) corresponding to a sequence in exon 6a starting 

25 at nucleotide 771 (5'-GCTAATCTGGGAGTTGTT-3 • ) . The 
altered nucleotide in the sequence are underlined. 

Figure 10 is in vitro translation of CFTR. The 
prbdtictB from in^ vitro - translation reactions were 
separated on a 10% polyacrylamide -sbs gel. The gel was 

30 stained by Coomassie Blue after electrophoresis; it was 
then soaked in Enhance* (New England Nuclear) and dried 
at 60 'C under vacuum before exposure to X-Omat film 
(Kodak). Lane 1: no added RNA; lane 2: protein 
translated from the Brome Mosaic Virus RBA (as size and 

35 reaction conditions control); lanes 3 and 4: duplicate 
samples of capped mRNA prepared by .T7 RNA polymerase on 
template pQB6.2 digested with Hpal. The positions for 
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the protein molecular weight standards (purchased from 
BRL Labs) are indicated on the left in kilodaltons. The 
expected product of 82. 5 kb (from the RNA generated from 
the pBQ6.2 plasmid) is marked. Also marked (by arrows) 
5 are the sizes of the BMC protein products. 

Figure 11 is DNA hybridization analysis of 
integrated plasnids. Genomic DNA samples were prepared 
from each cell line, digested with BamHI and separated on 
a 0.7% agarose gel in Tris-acetate buffer. The DNA lanes 

10 were transferred to Zetabind (Bio-Rad Labs) membrane. 
The autoradiograph shows the hybridization result with 
the CFTR cDNA probe. Lanes 1 and 2 contain human and 
mouse genomic DNA, respectively. Lanes 3, 4, 25 and 26 
contain non-trans feet ed mouse LTK-cell DNA. Lanes 5 to 9 

15 contain DNA from HAT-resistance clones obtained by 

transfection with pSTK7 only. Lanes 10 to 18 contain DNA 
from HAT resistant clones obtained by co-trans feet ion 
with pSTK7 and pCOF-1 and lanes 19 to 24 with pSTK7 and 
pCONZ. Molecular weight markers are shown on the left 

20 (in kb). The two diagnostic bands are 2.3 kb (the 5 'end 
of the CFTR gene plus the expression vector, promoter 
sequence) and 2.5 kb (CFTR internal segment); they are 
indicated on the right by the arrows. 

Figure 12 is RNA hybridization analysis. Total RNA 

25 was extracted from each call line, purified through CsCl 
gradient centrifugation, and separated on a 1.0% 
formaldehyde agarose gel in MOPS-acetate buffer. The 
" samjiie^ 'wiere trans ferted to Zetabind' (Bio-Rad 'tabs J ' ' 
membrane and hybridized sequentially with radioactively 

30 labeled CFTR cDNA (panel A) and the TK cDNA probe (panel 
B) . The samples in lanes 1 and 21 were prepared from the 
colonic cell line T84; lane 2 from fresh mouse salivary 
tissue; and lane 3 from untransf ected LTK-cells. Lanes 4 
to 7 contain RNA prepared from independent clones 

35 generated from pSTK7 transfection; lanes 8 to 15 from 

cotransfection-with pSTK7 and pCOF-1; and lanes 16 to 20 
from co-transfection with pSTK7 and pCONZ. The 28S and 
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18S rRNA. bands are indicated. The position anticipated 
for the full-length transcript (6.2 Jcb) is also marked. 
The expected transcript for the HSV YK gene is 2.2 kb. 
Figure 13 is Western Blot analysis. Total protein 
5 extracts were prepared from the indicated cell lines, 
separated on a 7.5% polyacrylamide-SDS gel and 
transferred to nitrocellulose as described herein. Lane 
1: extract from line 2a-4A; lane 2: 4a-2D; lane 3:4a-3I; 
lane 4:6b-J. The blot was incxibated with a mouse 

10 monoclonal antibody and followed by anti-mouse antibody. 
The immune complexes were visualized with alkaline 
phosphatase as described herein. Protein molecular 
weight standards are shown on the left. The arrow on the 
right marks the 170 kilodalton band. 

15 Figure 14 is expression vector pCQF-l. The complete 

CFTR coding region (open boxes) is positioned downstreaim 
from the human metallothionein Ila (hMTIIa) promoter 
(hatched box) . The htunan metallothionein Ila initiation 
codon is joined with that of CFTR at an Nco I site 

20 introduced by the synthetic oligonucleotides. 

5 • -CACTGCAGACCATGGAGAGGTCGCCTCTGGAAAAGGCCAGCGTT-3 • and 
5 • -GACTGCAGCTGAAAAAAAGTTTGGAGACAACGCTGGCCTT-3 » . The DNA 
sequence from exons 2 to 24 and its 3* flanking region 
was derived from clones 10-1 fPvu Il-Xba in , T16-1 (5Cba 

25 I-Sph 1 ). Cl-1/5 f Sph I-BstXl ). T16E4.5 (Ps^XI-Nco X) , 

and TE27E2.3 ( ^co I-Xho 1 ). as indicated. In pCOFAF508, 
the 1-kilobase (kb) Bamlll-Hpa a fragment was replaced 

; with the corresponding fragment from clone Cl-l/5i 

Figure 15 is RNA and protein analysis of mouse L 

30 cell lines expressing human CFTR. (A) Total RNA from 

Caco2 (5/ig/ lane 1), LTK" (10 fig, lane 2), 6B-I (10 fig, 
lane 3) , 4a-3I (10 /xg. lane 4), and 5-2D (10 ng, lane 5) 
cell lines were electrophoresed on a 1% 
formaldehyde/agarose gel, transferred to Hybond-N 

35 (Amersham) , an hybridized with ^^P-labelled cDNA probe. 

The 6.2-kb CFTR mRNA of the Caco2 cell line is indicated 
with the arrow. The relative positions of the 28S and 
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18S rRNAs as indicated (B) Protein fractions from nuclei 
and mitochondria (lanes A) and curde light membranes 
(lanes B) from the cell lines T84, LTK", 6B-I, 4a-3I and 
5-2D. Bands were visualized by '^Sj-iabelled rabbit anti- 
5 mouse antibody. Molecular mass in kDa are indicated. 

Figure 16 is video microscopic detection of Cl* 
parmeability in single L cells, SPQ fluorescence 
intensities (F) are expressed reltive to SPQ fluorescence 
intensity in the absence of Cl" quenching (Fo; the 
10 direction of changes in F^F reflect parallel changes in 
intracellular Cl^ concentration. (A-C) Single cells, each 
indicated by a different symbol, are shown containing a 
frameshift construct leading to a predicted truncated 
CFTR (A) ; a mutant construct CFTRaF508 (B) ; and an intact 
15 construct, CFTR (C) . Forskolin (10 iM) and NO's medium 
were perfushed over the cells for the periods indicated 
by solid bars. Time scale in C applies to A-C. (D) A 
single CFTR cell was repeatedly pulsed with NO'j medium. 
Rate of fluorescence chage as well as^ peak response 
20 during constant pulses (1 min) was unchanged over the 

time course of exposure to forskolin, indicating that the 
cAMP-induced Cl* permeability is sustained. (E) 
Simultaneous determinations of Cl' concentrations (Fc/F) 
(open and solid squares) and cell volume, expressed as 
25 relative area of constant optical section (open and solid 
circles), in a single cell expressing CFTR (solid squares 
and circles)) and a single cell expressing truncated CFTR 
(opeh 'stjualre^ and^^d^^^ . As indicated, the cells werfe 
exposed to 5 /iM gramicidin and to 10 fM forskolin. 
30 Figure 17 is whole-cell Cl' currents in transfected L 

cell. (A) Time course of whole-cell currents measured 
from cells transfected with the frame-shift CFTR control 
construct (solid diamonds) and the intact CFTR construct 
(open squares) after the addition of a solution 
35 containing 10 ^M forskolin, 1 mM isobutylmethylxanthine, 
and loo MM N*, O^'-dibutylyladenbsine 3 », 5 '-cyclic 
monophosphate. The arrow indicates the time of solution 



wo 92/05252 



PCT/CA91/00341 



11 

addition. Outward currents were measured at E,, = +20 mV. 
(B) Whole cell current-voltage relationships for a CFTR- 
expressing cell before (Left) and 3 min after (Right) 
induced activation. The current scale for the 
5 nonstimulated cells is shown enlarged as indicated. The 
dashed line indicates the zero-current level. (C) Mean 
current-voltage relationships for CFTR cells (n = 10) 
before and after activation (solid circles and open 
squares, respectively) . Replacement of bath NaCl with 
10 sodium gluconate resulted in a shift in reversal 

pretention of cAMP-activated currents (open triangle) 
(n = 4). 

nKTATI^D DgSCRTPTION OF THE PRpyFRRED EMBODIMENTS 

The normal CFTR gene sequence and protein sequence 
15 is shown in Figure 1. The sequence consists of cDNA 
identified and isolated from chromosome of. mammalian 
cells in accordance with the procedure identified in co- 
applicants United States patent application SN 401,609. 
It is believed that the cDNA of CFTR is made up of at 
20 least 27 exons as identified in applicant's pending 
Canadian patent application filed July 9, 1990. 

The exact cause of the sequence instability is 
unknown, but the region frequently involved in this 
rearrangement is a 13 bp direct repeat in exon 6a of the 
25 CFTR gene as shown in Figure 3. This region also shows 
sequence identity with consensus regulatory sequences in 
E. colt as noted in Figure 3. It is possible that 
- . trahfecriiitldh initiates froitt this sequencev resulting in 
a product which is toxic to the bacterial host. It is 
30 also possible that the DNA sequence itself elicits an 

inhibitory response. In consequence, the transformation 
frequency and growth of the desired plasmid construct 
become extremely poor. The rearrangement of this 
sequence detected in the recovered plasmids may have 
35 alleviated its toxicity in bacteria. Thus, the inability 
. to obtain a full-length CFTR cDNA in the original cloning 
experiment (Rommens et al, 1989) may also be explained. 
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Since most of the spontaneous sequence 
rearrangements detected disrupts the open reading frame 
of the full-length cDNA, none of the resulting clones are 
expected to be useful in functional complementation 
5 studies. Although it is possible to use alternative 
host/vector systems to overcome this problem, the 
convenience of the e. coH/pBR322-based cloning system 

required a better system. 

The region of interest with respect to enhancing 

10 propagation of the cDNA in microorganisms and in 

particular in e. coU is in exon 6. A 13 base pair repeat 
has been found in exon 6. With reference to Figure 1^ the 
region of exon 6 is identified. More specifically, 
within exon 6 the repeat sequences occur at positions 923 
15 through 935 and at 981 through 993. These repeat 

sequences are separated by approximately 44 base pairs. 

It has been discovered that by modifying one or more 
of the base pairs in region 924 through 936 or 982 
through 994 without changing the amino acid encoded by 
20 the respective codon results quite surprisingly in the 

propagation of the cDNA in a suitable microorganism, such 
as E. coll. The modified cDNA, in one of the repeat base 
pairs sections, does not produce a toxic effect in the 
microorganism so that a stable propagation of the cDNA 
25 can proceed. The benefit in the stable propagation of 

cDNA is not only from the standpoint of expression of the 
gene to produce the protein, but also for producing 
muitipiiB f bir the CFTR gene to enable 

other uses of the gene, such as in drug and gene therapy 
30 for correcting the effects of CF. 
^ Construction of Full Len ath cDNA 

Two types of full length cDNA clones have been 
constructed to evaluate the modified cDNA. One of them 
is for efficient propagation in e. coU and the other one 
35 for expression in mammalian cells. 

Since the erttire coding region of CFTR is present in 
multiple overlapping clones, it is necessary to construct 
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the full-length cDNA in three separate steps (Figure 4) : 
construction of the 5 'end of the cDNA (from the beginning 
of the coding region to the Xbal site in exon 5) , 
(Rommens et al, 1989) generation of the middle segment 
5 (from the XBal site to the SphI site in exon 10) 

including the critical region by the polymerase chain 
reaction (PCR: Saiki et al, 1985), and (Riordan et al, 
1989) construction of the 3»end of the cDNA from 
different existing clones (from SphI site to exon 24). 

10 The starting clones of this work have been described 
previously (Riordan et al, 1989). 

To construct the 5 'end of the cDNA in the mammalian 
expression vector, oligonucleotides were used to 
synthesize the open reading frame between the initiation 

15 codon and the end of exon 1 (the PvuII site) . This 
fragment was inserted between the promotor of vector 
pSG3X and exon 2 of cDNA clone 10-1 (see Figure 5) . A 
single nucleotide modification (C to G) was introduced at 
the position immediately after the initiation codon to 

20 facilitate subsequent manipulation. The alteration also 
introduced an amino acid change from Glutemine to 
Gluteunate . 

To construct the 3' end of the cDNA, DNA fragments 
were obtained from three existing clones (Figure 6) : SphI 

25 to BstXI (exons 10-20) from Cl-1/5 (Riordan et al, 1989), 
BstXI to Ncol (exons 20-24) from T16-4.5 (Riordan et al, 
1989) , and Ncol to EcoRI (exon 24 to about 100 bp 
downstream f torn -the polyadenylation signal) from TE27 > 
(Rommens et al, 1989). The genomic DNA fragment included 

30 at the end of this construct. to ensure proper 

transcription termination and mRNA processing. This 
3 'end construct was used for both the expression and 
propagation vectors. 

The cDNA clone T16-1 (Riordan et al, 1989) was used 

35 as the template for generation of the middle segment, 
, which was used for both vector systems. To introduce a 
sequence modification in one of the 13 bp repeat region 
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Of exon 6, the in vitro mutagenesis procedure based 
oligonucleotide-directed PCR (Higuchi et al, 1988; Ho et 
al, 1989) was used. Briefly, two overlapping segments, 
spanning exons 3 to 6 (536 bp) and exon 6 to 17 (867 bp) , 
5 were generated from T16-1 by PCR with two sets of 

oligonucleosides (see Figure 7) . The two overlapping 
.segments were joined by the PCR procedure with the 
outermost, flanking oligonucleotide primers. The 
product, 1.38 kb in size, was then digested with Xbal and 

10 SphI to generate the modified middle segment. 

The pBluescript* vector from Stratagene was used as 
the basis propagation vector. The 5' end of the full- 
length cDNA in this vector was derived from cDNA clone 
10-1 (between the PstI and Xbal sites) . The resulting 

15 clones were named pBQ4.7 and pBQ6.2 (Figure 8). 

The plasmid pSGM3X was used as the basic mammalian 
expression vector. It is similar to p SGMl previously 
reported by Meakin et al (1987) , except that the human 
metal lothionein promoter was inserted in an opposite 

20 orientation and that a Xhol site was inserted in the Kpnl 
site within the Ecogpt gene. The resulting expression 
vector was named pCOF-1 (Figure 5) . 
Sequence Verification 

Since errors are often introduced into PCR products 

25 due to infidelity of the Tag polymerase, the middle 
segment of the cDNA clones were first verified by DNA 
sequencing. The procedure of dideoxy termination was 
used according to the US Biochemical Sequenase* -kit- 
Consequently, it was necessary to replace a small segment 

30 (the Xbal site in exon 6 to the Fspl site in exon 7) of 
the clone with the corresponding segment from T1601. 
Overlapping DNA sequencing was then performed for the 
entire open reading frame of each of the completetd full- 
length cDNA constructs. 

35 In vitro Translation 

To produce large quantitic^s of RNA from the 
propagation vector (pBQ4.7 and pBQ6.2) for the purpose of 
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in vitro translation, the mCAP* mRNA capping kit from 
Stratagene was used. 

Since the open reading frame predicts a protein of 
170,999 kilodaltons (kd) , it would be difficult to 
5 produce a product of this size in_vitE2. It was 

therefore necessary to use differently prepared templates 
to examine various segments of the open reading frame. 
To prepare these templates, the propagation vector 
pBQ6.2) was digested with Fspl, EcoRI, Hpal and Xhol, 

id accordingly. 

in vitro translation was performed with a rabbit 
reticulocyte lysate kit from Promega Corporation and 'Re- 
labelled leucine from Amersham. 
Transfeotion Studies in Mouse LTK Cells 

15 The calcium phosphate co-precipitation procedure for 

introduction of plasmid DNA into mouse LTK-cells has been 
described previously (Meakin et al, 1987). The plasmid 
pSTK7 was used for cotransfection with the expression 
vector pCOF-1. As a control vector, a plasmid construct 

20 similar to pCOF-1, except for the deletion of a single 
base pair in exon 1 was used; this deletion was expected 
to result in premature termination of translation. 

The mouse LTK-cells were passaged in a-MEM medium 
supplemented with glutamine, 10% fetal bovine serum and 

25 antibiotics. Biochemical selection for TK positive cells 
was achieved in medium containing hypoxanthine, 
aminopterin and thymidine (HAT medium) . 
•■■ DKA ind RiSR' Analyises 

Plasmid and DNA samples were prepared from the 

30 bacterial cells and genomic DNA from transfected mouse L 
cells. Total RNA was extracted from mammalian cells for 
examination of gene expression. Standard procedures, 
essentially as described by Sambrook et al (1989) , for 
DNA and RNA analyses were used. 

35 Protein Analysis 

: Animal cells were harvested in . TEN. buffer (40 mM . , 
Tris-HCl, pH 7.5, 1 mM EDTA, 150 mM) , after the cells 
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were washed in phosphate-buffered saline. Cells were 
collected by scraping, resuspended in 2560 mM Tris-HCl 
(pH 8) , and stored in -80 'C ready for total protein 
extraction. For SDS-polyacrylamide gel electrophoresis, 
5 the frozen cells were resuspended in the loading buffer 
and boiled for 5 min prior to electrophoresis according 
to the procedure of Laemmli et al (1970) . 

Transfer of protein from polyacrylamide gel to 
nitrocellulose was performed overnight at 0.4 mA 

10 according to the procedure of Towbin et al (1979). The 
membrane was baked at 80 'C for 90 min. Detection of CFTR 
was accomplished with the use of a monoclonal antibody 
(gift of N. Kartner and J. Riordan) prepared against a 
portion of the . predicted protein (amino acid residues 

15 347-698) and the ProtoBlot* AP System according to 
procedures recommended by the supplier (Promega 
Corporation) with 1% BAS as a blocking agent. 
Vector Construotion 

Three plasmid constructs were made in this study - 

20 pBQ4.7; pBQ6.2 and pCOF-1 as described in the previous 

section. pBQ4.7 is a full-length cDNA clone contained in 
the Bluescript* vector; it contains the entire coding 
region except the 3' untranslated region. pBQ6.2 contains 
the same secjuence as in pBW4.7 plus the 3' untranslated 

25 region. Both of these plasmids contain modification in 
the first 13 bp direct repeat in exon 6b (Figure 3). The 
full-length cDNA construct in pCOF-1 is inserted 
- downstream from the human metallothionein, IIA. promoter .in 
the vector pSGM3X and the coding region is flanked by 

30 CFTR genomic DNA sequence at the 3* end. In addition to 
the modification introduced into the exon 6b region of 
the cDNA, as in the two previous constructs, pCOF-1 has 
another modification (C to G) in the first nucleotide 
after the presumptive initiation (ATG) codon in exon 1. 

35 As the first step in examining their integrity, 

restriction enzyme digestions were used to derive a ;nap 
for each of these full-length cDNA constructs. The 
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results showed that all of them produced a set of DNA 
fragments as expected. It is, however, of interest to 
note that there was one DNA fragment in each of the 
digestions which appeared to have a different mobility 
5 when compared to the pattern of the corresponding 

parental cONA clones displayed on polyacrylamide gel. 
The mapping data located the fragments with the altered 
mobility to those containing . the 13 bp direct repeats. 
To ensure the DNA sequence was intact as designed, 
10 the middle segment containing the modified segment was 
examined by DNA sequencing. The result showed that 3 bp 
were altered in the region. While two of the 
modifications (T to C at position 930 and A- to G at 933) 
were inserted as expected, an additional change (T to C 
15 at position 936) was found (Figure 9) . This 

unanticipated alteration was found in all five clones 
examined, suggesting that it was introduced by an error 
in the synthesis of the oligonucleotide primer. 
Nevertheless, this erxor was located outside of the w-sS" 
20 prokaryotic consensus sequence (Hawley and McClure 1983) 
and did not alter the encoded amino acid (Figure 3) . 

Two other undesired nucleotide changes were detected 
in the middle cDNA segment. Since these latter 
svibstitutions, probably introduced during PGR, would 
25 change the encoded amino acids, it was necessary to 
replace the region containing these changes with a 
segment from the original plasmid. 
- • • V .. The '■DNA. sequence: in all three resulting xjlones 

appeared to be stable after long term propagation in e. 
30 cou. Their entire coding region was sequenced and no 

additional changes were detected. It was noted' that the 
transformation efficiency of these constructs in bacteria 
increased substantially (100 times higher than the 
unmodified cDNA) and that the copy number of plasmids (as 
35 reflected by the yield in DNA preparation) also 
increased* 
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Protein Synthesis by in vitro Translation 

To ensure that the open reading in the full-length 
cDNA was uninterrupted, the %n vitro translation irethod 
was performed. Accordingly, the propagation vector was 
5 linearized at an appropriate restriction site in the 

circular plasmid and used as the template for production 
of RNA suitable for translation in vitro. Since the 
entire CFTR protein would be probably too large to be 
translated in vitro , the experiment also included shorter 

10 transcripts produced from templates interrupted within 
the coding region. 

An example of the result is shown in Figure 10. The 
template used for this experiment was pBQ6.2 linearized 
at the Hpal site; the in vitro translation product was 

15 expected to be 86.2 kd. As shown in Figure 10, a band 
migrating at the position of the expected molecular 
weight is clearly visible, indicating that translation 
initiates at the ATG codon as predicted and continues 
through the Hpal site in exon 13. The identity of this 

20 protein is also confirmed by its ability to react with a 
monoclonal antibody against CFTR. The other, smaller 
proteins observed in the products are probably results of 
premature termination or intenal initiation of 
translation. 

25 Similar experiments were performed with the plasmid 

treated with Xbal and EcoRI. Protein bands corresponding 
to the expected translation products 19 and 77.5 kd, 
respectively/ were readily detectable pnv^t^ 
polyacrylamide gel. These results, therefore, provided 

30 further confirmation that the predicted open reading 
frame was correct and intact in the full-length cDNA 
constructs. 

Expression in Mouse L Coils 

To examine if CFTR could be produced in heterologous 
35 mammalian cells, the pCOF-1 plasmid was used to transfect 
_ mouse LTK-cells. Another. plasmid containing the herpes 
simplex virus TK gene was included in the transfection to 
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10 



allow biochemical selection of cells that were 
successfully transfected. A plasmid (pCONZ) which 
suffered a single base pair deletion immediately adjacent 
to the 3» initiation codon was used in a parallel 
transfection experiment as a negative control (as the 
frameshift would result in no CFTR products) . 

DNA Ads ly sip 

HAT-resistant L cell colonies were isolated and 
expanded into individual mass cultures and genomic DNA 
were isolated from these cultures for characterization of 
integrated plasmid DNA. As expected, all of the HAT- 
resistant L cell lines was found to contain an intact HSV 
TK gene (as demonstrated by gel-blot hybridization 
analysis) . In addition, the copy number for the 
15 integrated plasmid DNA was found to vary among different 
lines, an anticipated from the calcium phosphate co- 
precipitation protocol. Gel-blot hybridization analysis 
was then performed for the cell cultures transfected with 
pCOF-1 and pCONZ. The full-length cDNA clone (a 6.2 Jcb 
20 PstI fragment from pBQ6.2) was used as proof to examine 
the CFTR sequence. 

Among the 15 pC0F-l/pSTK7 co-trans fected cell lines, 
14 were found to contain at least a portion of the CFTR 
CDNA, as judged by the hybridization pattern of EcoRI- 
25 digested DNA from these lines. Five of these lines shows 
a 1.5 kb and 2.5 kb band, as predicated for an intact 
cDNA. For the remaining lines, the size of the EcoRI 
;"rtagjii&nt was different; from- those predicted,- indicating 
rearrangement or integration occurred through this region 
30 of the cDNA. Upon further analysis with BamHI and Ncol 
digestion, however, only four of the five lines showed 
intact 5' and 3" ends of the cDNA (see Figure 11). The 
apparently intact clones were 4a-2C, 4a-3I, 4a-3K, and 
4a-4S. 

35 Similar DNA analysis was performed for cell lines 

:CO-transfect€d with: pCONZ and pSTK7, Among the 10 clones, 
examined, nine appeared to contain CFTR sequence and 
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eight of them showed the predicted 1.5 kb and 2.5 kb 
Ecorl fragments (see Figure 12) . Further analysis with 
BamHI and Ncol on five of them revealed that four (6a-lD; 
6a-2F; 6b-J and 6b-K) contained intact 5» and 3» ends. 
5 RNA Analysis 

Expression of CFTR in the transformed mouse cell 
lines was next examined by RNA blot hybridization 
analysis. Two of the pCOF-1 transfected lines (4a-3I and 
4a-3K) were found to express high levels of RNA (see 

10 Figure 12a) but the remaining two lines 4a-lC and 4a-4Q) 
were low. In addition to the 6.2 kb band expected for 
correctly initiated and terminated CFTR RNA in these 
lines; however, hybridizing sequences were also detected 
at the 9-10 kb range, suggesting improper initiation or 

15 termination. A similar, high expression pattern was 
observed for three of the lines transfected with pCONZ 
(6a-lA; 6a-lD and 6b-J) (Figure 12a) . For clone 6a-2F, 
only a low level of the 6.2 kb species was detected. No 
RNA could be found for clone 6b-K, despite the presence 

20 of an apparent intact CFTR sequence. 

The level of CFTR-derived RNA present varied among 
the cell lines mentioned above, with the strongest 
signals seen in clones 4a-3I and 6b-J. The variation was 
not due to poor sample preparation, as confirmed by 

25 hybridization analysis of the same blot with the TK probe 
(Figure 12B) . 
Protein Analysis 

. Total: prt>tein: was' then.: extracted tfrom; seyeral, ^ 
representative cell lines and examined for the presence 

30 of CFTR-related products. The interpretation of the 
results of this experiment was complicated by the 
presence of cross-reactiVe materials present in the mouse 
L cell, although no CFTR-related RNA was detectable. 
Figure 13 is an illustration in drawing format of the 

35 Western blot results. These results are based on a 

monoclonal antibody (L12.B4) prepared against CFTR which 
is able to detect faint bands (at regions 170, 90, and 74 
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kd) in all cell extracts. Nevertheless, the intensity of 
the 170 kd band, the one expected for the CFTR protein, 
was clearly much stronger in 4a-3I, the cell line 
containing an intact full-length CFTR cDNA. Only 
5 background bands were detected for 2a-4A (containing 

pSTK7 only) , 4a-2D (incomplete pCOF-1 sequence) , and 6b-J 
(pCONZ) . The presence of the CFTR protein in 4a-3I was 
also confirmed in partially purified membrane fractions. 
1) A single IVOkdalton band was observed in the 

10 extract from the cell line 4a-3I. This cell had been 
demonstrated by DNA analysis to contain multiple copies 
of the intact promoter of the expression vector and of 
the CFTR gene. RNA analysis also indicated expression of 
high levels of mRNA for this clone. 

15 2) In contrast, the cell line 6b-J, generated witJi 

the mutant gene does not express a reacting IVOkdalton 
band. This line generated by co-transfection with the 
pCONZ plasmid was shown to have an intact promoter and 
gene portion. In addition, high levels of RNA were 

20 detected. Identical results for these samples were 
obtained even when the extracts were not subjected to 
heating prior to gel loading. 

3) IVOkdalton bands were not observed in the cell 
line 4a-2D generated by the transfection experiment with 

25 the pCOF-1 plasmid and the cell line 2a-4A generated by 

the transfection with the pTK7 plasmid only. Genomic DNA 
analysis of the cell line 4a-2D indicated that only 
V . portions of the CFTR gene had been incorporated. A^ 
expected, no CFTR RNA could be detected. 

30 In conclusion, the cell line 4a-3I appears to be 

producing a 170kdalton CFTR protein as expected from the 
open reading frame of the oCOF-1 plasmid. For 
comparison, also shown on the protein analysis figure aire 
cirude membrane preparations of the cell lines Panc-1 (a 

35 negative control) and T84 (provided by N. Kartner and J. 
Riordan) . ]^ultiple bands are observed in the T84 
preparation. These differences suggest that post- 
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translational modification including glycosylation and/or 
phosphorylations have occurred to the CFTR protein in T84 
cells • 

A CAMP-inducible chloride permeability has been 
5 detected in mouse fibroblast (L cell) lines upon stable 
integration of a full-length cDNA encoding the human 
cystic f ibrossis transmembrane conductance regulator 
(CFTR) . As indicated by a Cl"-indicator dye, the CI' 
permeability of the plasma membrane increases by 10-to 

10 30-fold within 2 min after treatment of the cells with 
forskolin, an activator of adenylyl cyclase. The 
properties of the conductance are similar to those 
described in secretory epithelial cells; the whole-cell 
current-voltage relationship is linear and there is no 

15 evidence of voltage-dependent inactivation or activation. 
In contrast, this cAMP-dependent CI* flux is undetectable 
in the untransected cells or cells harboring defective 
cDNA constructs, including one with a phenylalanine 
deletion at amino acid position 508 (aF508) , the most 

20 common mutation causing cystic fibrosis. Those 

observations are consistent with the hypothesis that the 
CFTR is a cAMP dependent Cl* channel. The availsibility of 
a heterologous (nonepithelial) ceil type expressing the 
CFTR offers an excellent system to understand the basic 

25 mechanisms underlying this CFTR-associated ion 

permeability and to study the structure and function of 
the CFTR. 

- We describis the cbhstrudtion and tise of a mammalian 
expression vector to produce human CFTR in a long-term 

30 mouse fibroblast culture. We show that expression of 
CFTR induces a cAMP-dependent Cl' conductance, which is 
normally not obseirved in these cells. This expression 
system is suitable for study of the Cl" conductance 
pathway and its regulation and to provide medical 

35 treatment for CF. 
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Plasmid Vectors 

The mammalian expression vector pCOF-1 is a 
derivative of pSGM3X, which is similar to pSMGl (Meakin 
et al), except that the human metallothionein Ila 
5 promoter (Karin et al, 1982) was inserted in the opposite 
orientation and a Xho I site was inserted in the Kpn I 
site within the Ecogpt gene. To reconstruct the 

full-length CFTR cDNA in pCOF-1 (Fig. 14), the bulk of 
the coding region (exons 2-24) was obtained from partial 

10 cDNA clones (Riordan et al, 1989), except that the three 
silent nucleotide substitutions (T C at position 930, A 

G at position 933, and T C at position 936) were 
introduced into the exon 6b region with, oligonucleotide- 
mediated mutagenesis by the polymerase chain reaction 

15 (19, 20). The 3» untranslated region of CFTR in pCOF-1 
was derived from the genomic DNA clone TE27E2.3 (Rommens 
et al^ 1989). The entire coding region of exon 1 (from 
the initiation codon to the Pvu II site) was generated by 
two complementary synthetic oligonucleotides and the 

20 IQenow fragment of DNA polymerase I, where a single 
nucleotide substitution (C G) was introduced 
immediately after the initiation codon (underlined in the 
legend to Fig. 14) to create a Nco I site for ligation to 
the human metallothionein Ila promoter. The latter 

25 substitution changed the encoded amino acid glutamine to 
glutamic acid. The construction of control plasmid pCONZ 
was similar to that of pCOF-1, except that a single 
' nucleotide was del^ 35 base pairs downstream from the 
initiation codon. A truncated protein would be predicted 

30 from this frameshift construct. The plasmid pCOFaF508 
was generated by replacing sequences of exons 9-13 in 
pCOF-1 with the corresponding fragment from Cl-1/5, a 
cDNA containing the aF508 mutation. The full-length cDNA 
clone pBQ6.2 contained a 6.2 kb Pst I fragment in 

35 pBluescript (Stratagane) and was constructed similarly to 
pCOF-1 except that the exon 1 region was derived from 
clone 10-1. The integrity of the CFTR cDNA inserts in 



wo 92/05252 



PCT/CA91/00341 



24 

pBQ6.2, pCOF-1, and the critical regions in the other 
plasmid constructs were verified by DNA sequencing. The 
plasmid vector (pSTK7) containing the herpes simplex 
virus thymidine kinase gene, used in the cotransfection 
5 experiments, has been described (Meakin et al) . 

Bacterial cell cultures and plasmid DNA samples were 
prepared according to standard procedures (Sambrook et 
al, 1989). 

Cell Culture imd DKA Transfection 

10 Each of the three test plasmids (20 fig), pCOF-1, 

pCONZ, and pCOFaFSOS, was cotransf ected with pSTK7 (1 fig) 
into mouse LTK" cells by calciim phosphate coprecipitation 
(Meakin et al) . Biochemical selection for thymidine 
kinase-positive cell was achieved in .minimal essential 

15 medium supplemented with 

hypoxanthine/aminopterin/thymidine (HAT;gibco/brl) . In 
some experiments, the test plasmids were linearized at 
the unique Sfi I site (Fig. 14) . High molecular weight 
DNA was isolated from each clonal cell line (Miller et 

20 al, 1988), digested with restriction enzymes £sfiRI, 
BamH I. and Nco I, and analyzed by agarose-gel-blot 
hybridization (Sambrook et al, 1989) with the full-length 
cbNA (insert from pBQ6.2) as probe. Total RNA was 
extracted (MacDonald et al, 1987) and analyzed by 

25 agarose-gel-blot hybridization (Sambrook et al, 1989). 
Protein Analysis 

Cells were homogenized in a hypotonic buffer 
- containitig 10 mM K€l , 1 ,5 mM MgClj, and 10 • mM Tris- HCl (pH 
7.4). Nucleic and mitochodria were collected by 

30 centrifugation at 4000 x 3 for 5 min (fraction A) . A 
crude membrane fraction was then collected by 
centrifugation at 9000 x g for 15 min (fraction B) . 
Membrane pellets were dissolved in loading buffer and 
separated on a NaDodS04/polyacrylamide (6%) gel (Laemmli, 

35 1970) . Proteins were transferred to nitrocellulose as 
, describfeji. (Tpwbin et aj, 1979) and imipunodetected with, 
monoclonal antibody M3A7 (Kartner et al, 1991). 
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6-Motlioxy-l- (3-sulfonatopropyl)quinolinium (SP6Q) 

Fluorescence Assay 

L cells grown on glass coverslips for 1-2 days w-re 
uniformly loaded with the CI" -indicator dye SPQ by 
5 incubation in hypotonic (1:2 dilution) medium containing 
20 mM SPQ at room temperature for 4 min. The mounted 
coverslip was p?5rfused continuously at room temperature 
with medium containing 138 mM NaCl^ 2.4 mM K2HP04^ 0.8 mM 
KH2PO4, 10 mM Hepes, 1 mM CaClz^ 10 mM glucose, and 10 /iM 

10 bumetanide (pH 7.4) on the stage of an inverted 

microscope. NO'3 medium was identical except that NO" 
jreplaces all but 10 mM Cl". To minimize CI* fluxes 
through nonconductive pathways, we performed the 
experiments in the absence of HCO'3 and in the presence of 

15 bumetanine, inhibiting the anion exchanger and Ciycation 
cotransporters , respectively • Fluorescence and the 
differential interference contrast imagine were performed 
simultaneously (25-27) . SPQ fluorescence intensities (F) 
were normalized to total SPQ fluorescence Fo, determined 

20 as F measured in the absence of intracellular Cl\ since 
auto fluorescence was negligible. Calibration (n = 7 
cells) were performed essentially as described (Foskett, 
1990). The effective quenching constant Kct was 15 M"^; 
the testing intracellular Cl" concentration was » 70 mM. 

25 Cell volume changes were obtained by planimetry of 

differential interference contrast images (26, 27) and 
are presented as relative changes in the areas of the 
measured optical sections. By expiosute of the dells to 
media of various osmolarities, we observed that 

30 differential interference contrast imaging of a single 
optical section can detect volume changes. 
Whole-Cell Current. Recordings 

Membrane currents were measured at room temperature 
12-24 hr after plating cells with whole-cell patch-clamp 

35 techniques (Hamill et al, 1981). The patch pipet 

contained 110 inM sodixim gluconate, 25 mM NaCl, 8 mM MgCl2, 
10 mM hepes, 4 mM NagATP, and 5 mM Na2EGTA (pH 7.2) . The 
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bath contained 135 mM NaCl, 2-4 mM K2HPO4, 0.8 mM DH2PO4, 3 
mM MgCl2, 1 mM CblCIz, 10 mM Hepes, and 10 mM glucose (pH 
7.2) • To examine the time course of a cAMP-evoked 
conductance changes, membrane potentials were alternately 
5 clamped at -30 and +20 mV for 600 and 400 ms, 

respectively. Current-voltage relationships were 
determined by measuring the currents at the end of 400 - 
ms voltage steps from 0 mV to ± 70 mV (10 mV increments) . 
Cell capacitance was compensated using cancellation 

10 circuitry of the EPC7 patch-clamp amplifier. 
DNA Transfection 

Stable mouse fibroblast cell lines containing full- 
length CFTR or mutant cDNA^ as well as cell lines with 
the pSTK7 plasmid alone, were established. Four cell 

15 lines with pCOF-1 (4a-2C, 4a-3I, 4a-3K, and 4a-S) 

contained an intact human metallothionein Ila promoter 
and the CFTR coding region, as judged by DNA analysis 
(data not shown). Similarly, four cell lines (6a-lD, 6a- 
2F, 6b-I, and 6b-K) for pCONZ control cDNA with the 

20 frame-shift mutation three for pCOFaF508 (5-2C, 5-lA, and 
5-2D) cDNA with the major CF mutation and two for pSTK7 
(2a-4A and 2a-3C) were identified). 
RMA Analysis 

Abundant levels of RNA transcripts of » 10 kb in 

25 size were detected in cDNA transected cells Fig. 15A. 
Although their size was larger than the anticipated 6.2 
kb, the result appeared to be consistent among all cell 
' lines. It seemed probable -that an alternative^ ^ 

polyadenylylation site{s) instead of those contained in 

30 the cDNA constructs were utilized. Thymidine kinase- 

specific transcripts were detected in all HAT -resistant 
cell lines tested. 
Protein Analysis 

Cells expressing CFTR mRNA (as represented by the 

35 cell line 4a-3I) contained an antibody-reacting protein 
band that was indistinguishable from mature CFTR 
expressed endogenously in membranes of the colonic 
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carcinoma cell line T-84 (Fig. 15B) . The amount of 
protein was within the rangs of. that observed for T-84 
cells, with a significant portion in the light membrane 
fraction. Reacting bands were not detected in 
5 untransfected LTr cells or in cell transfected with CFTR 
gene predicted to produce a truncated product (line 
6B-I) . The latter result was expected as the antibody 
was directed against the C terminus of the protein. No 
immunoreactive material was observed for CFTRaF508 in the 

10 examined fractions (line 5-2D) (Cheng et al, 1990). It 
was therefore uncertain if the mutated protein was 
produced in these transfected cells. 
8PQ Fluorescence Assay 

To investigate if expression of CFTR affected CI' 

15 conductance, a single-cell assay based on quantitative 
fluorescence intensity measurements of the CI* indicator 
dye SPQ was performed. The basic protocol involved 
exposing cells to N0"3 medixim followed by return to normal 
CI* medixim. Since NO'j is generally permeable through CI' 

20 channels but, unlike CI', does not quench spq, CHANGES IN 
spq fluorescence intensities due to these anion 
substitutions measure unidirectional Cl' fluxes; the rate 
of change measures cell Cl' permeability. 10 tM forskolin 
was added s\ibsequently to increase intracellular levels 

25 of CAMP. After a 2-min exposure to forskolin, the medium 
was again switched to the N0"5 medium, in the continued 
presence of forskolin. Thus each cell was used as its 
own control to evaluate the CI' permeability induced by 
CAMP. 

30 Only slow changes in SPQ fluorescence intensity 

were observed in cells with the frame-shift DFTR 
construct (as represented) by line .6B-I) upon exposure to 
NO'3 medium (Fig. 16A) , indicating that these cells 
maintained a low resting Cl' permeability. Exposure of'-' 

35 these transfected control cells to forskolin did not have 
any effect (n = 41 cells from four passages) . Similar ' . 
results were obtained from cells transfected with the 
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thymidine kinase gene only (line 2a-4A, n = 22 cells) and 
from untransfected cells (n = 18 cells). 

Exposure of cells expressing CFTR to NQ-j medijm 
similarly elicited little or no change in SPQ 
5 fluorescence intensity (as represented by line 4a-3I in 
Fig. ISC), indicating that CFTR expression P^r se did not 
er>iance Cl* permeability. In contrast, a second exposure 
to NO'j, during forskolin stimulation, caused a rapid loss 
of intracellular Cl* (Fig. 16C) . This response was highly 

10 reproducible; there was a 20- to 30-fold increase of 

unidirectional Cl" flux (Illsley et al, 1987) from » 0.03 
mM/s to 0.9 mM/s for each of the 10 cells in the 
microscopic field (Fig. 16C) . Of 106 cells examined from 
eight passages, all responded similarly. Similar results 

15 were obtained from another cell line expressing CFTR 

(clone 4a-3K, n = 23 cells) . In the continued presence 
of forskolin (Fig. 16D) , Cl* permeability remained 
enhances at near maximal levels for as long as 30 min (n 
= 12 cells) . 

20 There were no volume changes during exposure of 

forskol in-stimulated CFTR cells to N0.3, indicating that 
the substantial changes in the intracellular 
concentration of Cl* were not associated with changes in 
cell salt content. Therefore, the Cl" fluxes were likely 

25 to be associated with equal fluxes of N0*3 in the opposite 
direction. The lack of changes in intracellular Cl* 
concentration or cell volume during forskolin stimulation 
in ci* medixim demohstrates that neither CFTR exprelssibh 
nor CAMP conferred enhanced cation conductance. Together 

30 with the enhanced Cl" permeability, cell shrinkage or 

swelling would have been observed if there were a high K* 
conductance or high Na* conductance, respectively., 

Cl* permeability was also examined in cells 
containing a CFTRaF508 construct. These cells (as 

35 represented by clone 5-2D, n = 15 cells) exhibited low Cl" 
permeability under resting conditions and the 
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permeability could not be enhanced by forskolin (Fig. 
16B) . 

TO establish that the cAMP-induced Cl" permeability 
in the CFTR-expressing cells was due to activation of a 
5 ci- conductance, gramicidin was included in the normal Cl" 
medium to increase cation conductance of the plasma 
membrane. Under these conditions, the presence of Cl" 
channel would result in a substantial influx of both Na* 
and C1-, causing extensive cell swelling. Exposure to 

10 gramicidin had no effect on SPQ fluorescence or cell 

volume in cells with the frame-shift CFTR construct (n = 
13 cells) or an intact CFTR construct (n - 33 cells) 
(Fig. 16E) , supporting our conclusion (above) that 
resting Cl* conductance was negligible in both the control 

15 and CFTR cells. After the addition of forskolin, 

however, there was a marked rapid cell swelling, after a 
lag period of from 30 to 90 s, accompanied by elevated 
intracellular Cl* concentration in the cells expressing 
CFTR but not in control cells (Fig. 16E) . These results 

20 demonstrated that the basis of cAMP-induced Cl^ 

permeability observed in CFTR-expressing cells was a Cl" 
channel. 

cAMP-Stimulated Cl' Currents in the CPTR-Expressing Cells 

Corroborating the results of the fluorescence assay, 
25 whole-cell current was stimulated in cells expressing 
CFTR (Fig. 17A). After a lag period of « 30 s, outward 
current in 11 of 11 cells increased dramatically to a 
plateau, which was sustained for 2-5 mih before 
decreasing toward control values. This "run down" 
30 contrasts with findings using the SPQ assay, possibly 

reflecting a depletion of cytosolic factors necessary for 
sustained activation in the whole-cell patch-clamp 
configuration, currents evoked by the activation 
cocktail did not display any time-dependent voltage 
35 effects (Fig. 17B) contrast to the expressing cells, none- 
of the 9 cells containing the 'frame-shift CFTR construct 
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exhibited a response to the activation cocktail (Fig» 
17A) . 

Current-voltage relations were essentially linear in 
both cell transfected with the intact CFTR and the frame- 
5 shift CFTR constructs (now shown) . Slope conductances of 
1.8 ± 0.4 nS and 1.9 ± 0.5 nS (n =» 9) were calculated in 
control cells before and after treatment with the 
activation mixture, respectively. The slope conductance 
in CFTR-expressing cells was similar (1.6 ± 0.1 nS) but 
10 treatment with the activation mixture induced an ^ 13- 
fold increase to 20.1 ± 1.7 nS (n = 10) (Fig. 17C) . 

The reversal potential of the cAMP-activated current 
in cells expressing CFTR was -17 ± 5 TxV , approaching the 

equilibrium potential for Cl' under standard conditions 

\ 

15 (Eci = -32 mV) . From this measurement, the calculated 
anion versus cation permeability was » 5:1. Anion 
selectivity was assessed in cAMP-activated cells by 
replacing bath NaCl (135 mM) with sodium gluconate (135 
mM) . This manipulation resulted in a shift in reversal 

20 potential to +33 ± 8 mV (n =» 4) , toward the predicted Eci 
of +41 mV (Fig. 17C) . 

The inability to construct a full-length CFTR cDNA 
has hampered progress in understanding the structure and 
function of the protein. The difficulty is mainly due to 

25 the instability of the full-length sequence in e. coU, 

where there was sequence rearrangement often associated 
with a short (13 bp) direct repeat in exon 6b. Through 
the mbdif icatioh tWX seiqiiehce within the f irist copy of 
the repeat, however, we have succeeded in the 

30 construction of three different plasmids each containing 
the entire coding sequence. These plasmids replicate 
efficiently in e. coii^ (DHSa), and are intact aft^^^ 
prolonged propagation. Although this particular 
modification involves the first repeat, it is understood 

35 that this second repeat can also be similarly modified 
instead of, or in addition to, the first repeat to 
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achieve similar success in the propagation of the CFTR 
cDNA. 

In addition to verification by direct DNA 
sequencing, the plasffiids have also been examined for 
5 their ability to product proteins of expected sized in 
vitro and in vivo . Based on the longest open reading 
frame of the consensus cDNA sequence (Riordan et al 
1989), a protein of 170 kd (1480 amino acids) has been 
predicted as the CFTR gene product. The fact that a 170 

10 kd band was detectable in the product translated in vitrp 
and in cells transfected with the full-length CFTR cDNA 
confirms the original prediction. 

The availability of a full-length CFTR cDNA that can 
be expressed in meunmalian and non-mammalian cells offers 

15 the opportunity to perform a detailed structure and 

function analysis of CFTR. The vectors described here 
are excellent tools for this purpose. With appropriate 
regulatory sequences inserted upstream of the coding 
region, it is understood that large quantities of CFTR 

20 may be produced through different kinds of heterologous 
gene expression systems, whereby various biochemical and 
biophysical studies can be performed. 

The ability to express the full-length cDNA also 
allows development of fxmctional assays for CFTR. In 

25 this context, Drumm et al (1990) have demonstrated 

through a retrovirus-intermediate that the modified full- 
length cDNA described here was able to confer the 
' ■■f a pancreatic carcinoma -cell line; - 

(CPFAC-1) derived from a CF patient. Upon proper 

30 expression of the cDNA, the cAMP-mediated chloride 
transport activity was restored in this cell line, 
providing the first example of functional complementation 
of CFTR activity. The ability to confer CFTR expression 
in heterologous cells is an important step towards the 

35 possibility of gene therapy in the lung and pancreas of 
CF patients. . 
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In order to understand the role of individual amino 
acid residues as well as regions of the protein, site- 
directed mutagenesis may be used to introduce additional 
mutations into the coding region of CFTR. The functional 
assay may. also be used to confirm if the sequence 
alterations detected in CF patients are bona fide 
disease-causing mutations. The latter consideration is 
important if broad scale disease diagnosis and carrier 
screening based on DNA information are to be implemented. 
Further, since there is a general lack of genotypes, 
permanent cell lines in which the CF phenotype resists, 
the ability to generate heterologous cell lines capable 
of expressing various defective CFTR offers an 
alternative approach in understanding the fxinction of 
15 CFTR and in development of rational therapy. In the 

latter regard, procedures can be devised for screening of 
compounds that would interact with the defective protein 
and restore its function. 

To introduce additional mutations into the coding 
20 region of CFTR, it is possible to replace regions of the 
cDNA with altered sequences, as demonstrated by the 
examples described above. The procedure is difficult, 
however, because many of the restriction enzyme sites 
involved are present in more than one vector. For this 
25 reason, it is desirable to include unique restriction 

sites in the coding region of the cDNA. For example, by 
introducing a silent change (T to C) at position 1944 in 
^ exbn l^^ a -novel BstEII site is created at the . end of the 
sequence corresponding to the first NBFl is probably the 
30 most interesting region in CFTR because about one-third 
of the disease-causing mutations reside in the region. 
In combination with another unique site, such as SphI, it 
becomes extremely easy to replace sequences for NBFl. 

Finally, the full-length cDNA construct contained in 
35 the pBQ4.7 and pBW6.2 may be excised in its entirety by a 
singly PstI digestion or a double digestion with a. 
combination of Sail, Xhol, Smal or EcoRI. This 
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versatility allows the cDNA to be transferred from the 
current vector to other host-vector systems. 
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THE EMBODIMENTS- OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

!• A modified DNA sequence derived from a gene 
5 coding for cystic fibrosis transmembrane conductance 
regulator (CFTR) protein, said gene having at least 27 
exons of which normal cDNA codes for CFTR protein, said 
normal cDNA including exons 6a and 6b wherein exon 6b 
includes a 13 bp repeat, 

10 said modified DNA sequence comprising at least one 

of said 13 bp repeats of exon 6b having one or more 
normal nucleotides of said 13 bp repeat sxabstituted with 
ah alternate nucleotide which continues to code for a 
corresponding normal aimino acid* 

15 2. A modified cDNA sequence of claim 1 wherein 

said one or more normal nucleotides are at positions 930 
and 933 and said substitutions are C for T at 930 and G 
for A at 933. 

3. A DNA construct for use in a recombinant vector 
20 comprising said modified cDNA of claim 1. 

4. A vector comprising a DNA construct of claim 3, 
and a promoter sequence for said DNA construct. 

5. A vector of claim 4 wherein said vector 
comprises a restriction map of Figure 5 and 8. 

25 6. A host cell for producing CFTR protein, said 

host cell comprising a compatible vector of claim 4 
whereby expression of said vector in said host cell 

■ ^produces -CFTR-protein... v.v- 

7 . A host cell of claim 6 selected from the group 
30 consisting of bacterial and mammalian cells. 
— 8. A CFTR protein isolated and purified from 

culture of a host cell of claim 6. 

9. A mainmalian cell transfected with a vector of 
claim 4 to enhance CI* conductance through cell wall. 
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FiG.1. V20 

1 AATTGGAAGCAAATGACATCACAGCAGGTCAGAGAAAAAGGGTTGAGCGGCAGGCACCCA 
i^CTTTGGCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAGGGACCCCAGC 



SI GAGTAGTAGG' 
121 



241 
301 
361 



MQRSPLBKASVVSKLF 16 
GCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCAGCGTTGTCTCCAAACTTTTT 

PdWTRPlLRKGYRORliBLSD 36 
131 TTCAdcTGGACCAGACCAATTTTGAGGAAAGGATACAGACAGCGCCTGGAATTGTCAGAC 

TVOIPSVDSADNLSEKLEriE 56 
ATATACCAAATCCCTTCTGTTGATTCTGCTGACAATCTATCTGAAAAATTGGAAAdAGAA 

WDRELASK KNPKLINALRRC 76 
TGGGATAGAGAGCTGGCTTCAAAGAAAA AYCCTAAACTCATTAATGCCCTTCGGCGATG^ ^ 

TTTTTCTGGASfeTTATGTTCTAf^^ 

ni — n — p~~i T n GRIIASY DP DNKEE 116 

421 GTACAGCCTCTCTTACTG GGA AGAATCATAGCTTCCTATGACCCG^^ 

481 CGC TCTATCGCGATTTATCTAGGCATAGG CTTATC 

n — n HPAIFGLHBIGMQMRIAH 156 
541 CTCCTACACCCAGOyVTTTTTGGCCTTCATCACATTGGAATG^ 

PSLIYKKITLKLSSRVLDKIS 176 
601 TTTAGTTTGATTTATAAGAAGKcTTTAAAGCrrGTCAAGCCGTGTTCTAGATM^^pT^^^ ^ 

IGOLVSLLSNNLMKFDB |G | . L ft I 196 
661 ATTGGACAACTTGTTAGTCTCCTTTCCAACAACCTGAACAAATTTGATGAAbGACrrGCX 

It iiH PVWTaPT. OVX Ti^ ><'^^-^> W 216 
721 TTGGCACATTTCGTGTGGATCGCTCCTTTGCAAGTGGCACT 

P L 1. f>l a g > P C G T. R P T. T V L A T. Fl 236 
781 GLTTGTTACAGG?GTCTGCCiTCTGT^^ 

fo — A — G — L — g1 RMMMKYRDQRA GK I S 256 
841 CAGGCTGGGCT^^ 

BRLVITSEMI E N L 0 K JlJ_C^ 276 



: ^01 . GAAAG* wx,>iK. > 

EX0N6. 



5-1 E'*H*^^ri T E t K L T* Z» 



316 
336 



9 6 1 TGGGLvGLGCAATG6LulAAATGATTGAAAACTTAAGACA;^A^ 

R K A^A Y V R Y r N Sl ffftrFFSgrFl 
1021 CGG?>.GGCAGCCTATGTGAGATACTTCAATAGCTCAGCCTTCrrCTTCTCAGGGTTCTTT 

Iv V p T. S V T. P V A T."~rKtd G T- T T. R_K-^ 
1081 GTGGTGTTTTT AtCTGTGCTTCCCTATGCACTAATCAAAGG AATC ATCCTCCGGAAAATA 

IptTT SPC TVT. RMAVl T R Q F P W 356 
1141 TTCACCACCATCTCATTCTGCATTGTTCTGCGCATGGCGGTCACTCGGCAATTTCCCTGG 

A V Q T W Y D S L G A I N K I QJ_D F L Q 375 
1 201 GCTGTACAAACATGGTATGACTCT<rrTGGAGC^ 

K Q E Y. K, T L B y . N . L T X T; E V V . M ,E N . 396 
1261 AAGCAAGAATATAAG ACATTGGAATATAACTTAACGACTACAGAAGT AGTGATGGAGAAT 

VT AF WEE|GFGEI.F EKAKONN 416 
1321 GTAACAGCCTTCTGGGAGGAGPGATTTGGGGAATTATTTGAGAAAGCAAAACAAAACAAT 
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o 

NNRKTSNGDDSLFFSN F 8 I> L 436 
1381 AACAATAGAAAAACTTCTAATGGTGATGACAGCCTCTTCTTCAGTAATTTCTCACTTCTT 

GTPVLKDlNrXIgRGQLLAV 45S 
1441 GGTACTCCTGTCCTGAAAGATATTAATTTCAAGATAGAAAGAGGACAGTTGTTGGCGGTT 

AG n r GA GKIT 3 L LMM I MG g LE 476 

1501 GCTGGATCCACTGGAGCAGGCAAbACTTCACTTCTAATGATGATTATGGGAGAACTGGAG 

p 3)SCKI KH3GKX 3 IT Q 3 OF 3W 4 96 
1561 CCTTC AG AGGGTAAAATTAAGCACAGTGGAAGAATTTCATTCTGTTCTCAGTTTTCCTGG 

IMPCTIKgKIirCV3YDgYR 516 
1621 ATTATGCCTGGCACCATTAAAGAAAATATCATCTTTGGTGTTTCCTATGATGAATATAGA 

YR3VIK X CQ LE gjp I 3 K r \ g K 536 

1 681 TACAGAAGCGTCATCAAAGCATGCCAACTAGAAGACCACATCTCCAAGTTTGCAGAGAAA 

PWIVLgg GG I T L3 GGQRXRT 556 
1741 GACAATATAGTTCTTGGAGAAGGTGGAATCACACTGAGTGGAGGTCAACGAGCAAGAATT 

3LARlXVYKPXDI>YI.I>P3grC 576 

1801 tctttagcaagKgcagt^^ 

YLDVLTgy Xl FBdCVCKLMA 596 
1861 TACCTAGATGTTTTAACAGAAJUUlGAAATATTTCAAAcfcTGTGTCTGTAA^ 

NKTRILVTSKMEHLKKADKI 616 
1921 AACAAAACTAGGATTTTGGTCACTTCTAAAATGGAACATTTAAAG AAAGCTGACAAAATA 

LILHEGSSYFYGTFSE LQNL 636 
1 ?81 TTAATTTTGCATGAAGGTAGCAGCTATTTTTATGGGACATm 

OPDFSSKLMGCD S F D Q F S A E 656 
2041 CAGCCAGACTTTAGCTCAAAACTCATGGGATGTGATTCrTTaSACCAATT^ 

RRNSILTETLHRFSL EGDAP 676 
2101 AGAAG AAATTCAATCCTAACTGAGACCTTACACCGTTTCTCArrAGAAGGAGATGCTCCT 

VSWTETKKQS*FKOTGEFGEK 696 
2161 GTCTCCTGGACAGAAACAAAAAAACAATCTTTTAAACAGACTGGAGAGTTTGGGGAAAAA 

R K N S i L N PINS V' R K F I I V Q K 716 
2221 AGGAAGAATTCTATTCTCAATCCAATCAACTCTATACGAAAATTTTCCATTGTGCAAAAG 

TPLOMNGIEBDSDBPLBRRL 736 
,2281 ACTCCCTTACAAATGAATGGCATCGAAGAGGATTCTGATGAGCCTTTAGAG AGAAGGCTG 

SLVP DSBQ GBAILPRI SVIS 756 
2341 TeCTTAGTACCAGATTCTGAGCAGGGAGAGGCGATACTGeCTCGCATeAGGGTGATeAGC 

TGPTLQARRRQSVLNLMTHS 776 
2401 ACTGGCCCCACGCTTCAGGCACGAAGGAGGCAGTCTGTCCTGAACCTGATGACACACTCA 

o • • o 

VN QG ON I H RKTT AS TRKV SL 796 
2461 GTTAACCAAGGTCAGAACATTCA.CCGJUyAGAC^ . . 

■ * ' • ■ o 

APQANLTBLDIYSRRLSOET 816 
. 2521 GCCCCTGAGGCAAACTTCACTGAACTGGATATATATTCAAGAAGGTTATCTCAAGAAACT 
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GL EISEEINBEDLKIbCFFD D 836 

2581 ggcttggaaataactgaagaaattaacgaagaagacttaaagJgagtgcctttttgatgat 

mbsipavttwntylryitvh 856 
2 641 atggagagc ataccagcagtgactacatggaacacataccttcgatatattactgtccac 

K s l It pvt. T W C T. V T r T> A rvaaI 876 
2701 AAGAGCTTAATTTTTGTGCTAATTTGGTGCTTAGTAATTTTTCTGGCAGAGGTGGCTGCT 

^T^ 

I S T. V LWLLGMTPLQDKGNST 896 

2761 TCTTTGGTTGTGCTGTGGCTCCTTGGAAAbACTCCTCTTCAAGACAAAGGGAATAGTACT 

HSR NSYAVI ITSTS I S Y Y V F I 916 
2821 CATAGTAGAAATAACAGCTATGCAGTGATTATCACCAGCACCAGTTCGTATTATGTGTTT 

Iytyvgva dtllamgffI R G L P 936 

2881 TAG ATTTACGTGGGAGT AGCCGACACTTTGCTTGCTATGGG ATTCTTCAGAGGTCTArc^ 

LVHTLIT VSKILHHKMLHSV 956 

2 941 CTGGTGCATACTCTAATCACAGTGTCGAAAATTTTACACCACAAAATGTTACATTCTGTT 

LQAPMSTLNTLKAbGILNRF 976 
3001 CTTCAAGCACCTATGTCAACCCTCAACACGTTGAAAGCAGbTGGGATTCTTAATAGATTC 

SKDIAILDDLLPL T I I F D F I o] 996 
3061 TCCAAAGATATAGCAATTTTGGATGACCI^CTGCCTCTTACCATATTTGACTTC^ 

IlLLIVIGAIAVVAV LI Q P I Y I f1 1016 
3121 TTGTTATTAATTGTGATTGGAGCTATAGCAGTTGTCGCAGTTTTACAACCCTA^ 

IvatvpvtvafimlrayflI Q T 1036 

3181 GTTGCAACAGTGCCAGTGATAGTGGCTTTTATTATGTTGAGAGCATATTTCCTCCAAAC^ 

SOQLKQLESBGRSP IFTHLV 1056 
3241 TCACAGCAACTCAAACAACTGGAATCTGAAGGCAGGAGTCXyUVTTTTCACTCAl^^ 

TSLKGLW TLRAFGRQPYFBT 1076 
3301 ACAAGCTTAAAAGGACTATSGACACTTCGTGCCTTCGGACGGCAGaiTTACTTTG^ • 

LFHKALNLHTANWFLYLSTL 1096 
3361 CTGTTCCACAAAGCTCTGAATTTACATACTGCCAACTGGTTCTTGTACCTGTCAA^^ 

R W F 0 M R llBMIFVTFFTAVTFl 1116 
3421 QGCTGGl^ 

I I S I L T T IGI E G B G ri V G T T T. T T.^ 1136 
34 81 ATTTCCATTTTAACAACAqGAGAAGG AGAAGGAAGAGTTGGTATTATCCTGACTTTAGCC 

iHNI MSTL OWAV NSSl I D V D S Ll 1156 

3 5 4 1 ATGAATATCATG AGTACATTGCAGTGGGCTGTAAACTCCAGCATAGATGTGGATAGCTTb 

. M R S V S R V K F I D M P T ,B G K P T 117 6 

3601 ATGCG ATCTGTG AGCCGAGTCTTTAAGTTC ATTG ACAtGCCAACAGAAGGTAAACCTACC 

KSTKPYKNGQLSKVMI IBNS 1196 
3661 AAGTCAACCAAACCATACAAGAATGGCCAACTCTCGAAAGTTATGATTATTGAGAATTCA 

H V K K D D I W P S G G Q M T V K D L T 1216 
' 3721 CACGTGAAGAAAGATGACATCTGGCCCTCAGGGGGCCAAATGACnrGTCAXAGATCT 

A K YT BCCWX I Lgy igys I 3P 1236 
3781 ■ GCAAAATACACAGAAGGTGGAAATGCCATATTAGAGAAC^ 

GQRIv cLL CRTG SGKgTLLS X 1256 
3841 GGCCAGAGGtTGGGCCTCTTGGGAAGAACTGGATCAGGGAAGAGTACXXTGTTATCAGCT 
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ri>RLLWTECEIQIDCV3WPS 1276 
3901 TTTTTGAG ACTACTGAACACTGAAGGAGAAATCCAGATCGATGGTGTGTCTTGGGATTCA 

ITLOQWRKArcVIPoyvrir 1296 
3961 ATAACTTTGCAACAGTGGAGGAAAGCCTTTGGAGTGATACCACAGAAAGTATTTATTTTT 

RKWLDPYgQWSPQg lW 1316 



4021 TCTGGAACATTTAG AAAAAACTTGGATCCCTATGAACAGTGGAGTGATCAAGAAATATGG 

K V A D Ely Ci:.R3VIgQrPCKl,p 1336 
4081 AAAGTTGCAGATGAGtTTGGGCTCAGATCTGTGATAGAACAGTTTCCTGGGAAGCTTGAC 

rVLVPCOCVLSHCHKQLMCL 1356 
4141 TTTGTCCTTGTGGATGGGGGCTGTGTCCTAAGCCATGGCCACAAGCAGTTGATGTGCTTG 

ARSVL3KXKILL L P E P 3 X H I. 1376 
4201 GCTAGATCTGTTCTCAGTAAGGCGAAGATCTTGCTGCTTGATGAACCCAGTGCTCATTTG 



T 

4261 GATCCAGTt^CATACCAAATAATTAGAAGAACTCTAAAACAAGCATTTGCTGATTGCACA 



PPVfTYQI IRR TLKOAFADCT 1396 

-.tKac 



VI LCEHRIEAMLECQQFLlVI 1416 
4321 GTAATTCTCTGTGAACACAGGATAGAAGCAATGCTGGAATGCCAACAATTTTTGbTCATA 

E ENKVRQYPSIQKLLNERSL 1436 
4381 GAAGAGAACAAAGTGCGGCAGTACGATTCCATCCAGAAACTGCTGAACGAGAGGAGCCTC 

• 0 

FRQAI SPSDRVKLFPHRNSS 1456 
4441 TTCCGGCAAGCCATCAGCCCCTCXGACAGGGTGAAGCTCTTTCaxrACCGGAACTCAAGC 

KCKSKPQIAALKEETEBBVQ 1476 
4501 AAGTGCAAGTCTAAGCCCCAGATTGCTGCTCTGAAAGAGGAGACAGAAGAAG AGGTGCAA 



D T R L 



4561 GATACAAGGCTTTAGAGAGCAGCATAAATGTTGACATGGGACATTTGCTCATGGAATTGG 

4621 AGCTCGTGGGACAGTCACCTCATGGAATTGGAGCTCGTGGAACAGTTACCTCTGCCTCAG 

4681 AAAACAAGGATGAATTAAGTTTTTTTTTAAAAAAGAAACATTTGGTAAGGGGAATTGAGG 

4741 ACACTGATATGGGTCTTGATAAATGGCTTCCTGGCAATAGTCAAATTGTGTGAAAGGTAC 

4801 TTCAAATCCTTGAAGATTTACXACTTGTGTTTTGCAAGCCAGATTTTCCTGAAAACCCTT 

4861 GCCATGTGCTAGTAATTGGAAAGGCAGCTCTAAATGTCAATCAGCCTAGTTGATCAGCTT 

4 921 ATTGTCTAGTGAAACTCCTTAATTTGTAGTGTTGGAGAAGAACTGAAATCATACTTCTTA 

.4981 , GCGTTATGATTAAGTAATCATAACTGGAAAGTTCASCGGTTTATATAACCTTGTATTCCr 

5041 TTTTCTCTCCTCTCCCCATGATGTTTAGAAACACAACTATATTGTTTCCTAAGCATTCCA 

5101 ACTATCTCATTTCCAAGCAAGTATTAGAATACCACAGGAACCACAAGACTGCACATCAAA 

5161 ATATGCCCCATTCAACATCTAGTGAGCAGTCAGGAAAGAGAACTTCCAGATCCTGGAAAT 

5221 CAGGGTTAGTATTGTCCAGGTCTACXrAAAAATCTCAATATTTCAGATAATCACAATACAT 

128 1 CCCTTACCTGGGAAAGGGCTGTTATAATCTTTCACAGGGGACAGGATGGTTCCCTTGATG 

534 1 AAGAAGTTGATATGCCTITTCCCAACTCCAGAAAGTGACAAGCTCACAGACCTTTGAACT 

5401 AGAGTTTAGCTGGAAAAGTATGTTAGTGCAAATTGTCACAGGACAGCCCTTCTTTCCACA 

54 61 GAAGCTGCAGGTAGAGGGTGTGTAAGTAGATAGGCCATGGGCACTGTGGGTAGACACACA 

5521 TGAAGTCCAAGCATTTAGATGTATAGGTTGATGGTGGTATGTTTTCAGGCTAGATGTATG 

5581 TACTTCATGCTGTCTACACTAAGAGAGAATGAGAGACACACTGAAGAAGCACCAATCATG 

5641 AATTAGTTTTATATGCTTCTGTTTTATAATTTTGT6AAGCAAAATTTTTTCTCTAGGAAA 

5701 TATTTATTTTAATAATGTTTCAAACATATATTACAATGCTGTATTTTAAAAGAATGATTA 

5761 TGAATTACATTTGTATAAAATAATTTTTATATTTGAAATATT6ACTTTTTATGGCACTA6 

III] TATTTTTATGAAATATTATGTTAAAACTGG6ACA6GGGA6AACCTAGGGTGATATTAACC 

5881 AGGGGCCATGAATCACCTTTTGGTCTGGAGGGAAGCCTTGGGGCTGATCGAGTTGTTGCC 

5941 CACAGCTGTATGATTCCCAGCCAGACACAGCCTCTTAGATGCAGTTCTGAAGAAGATGGT 

Inc } ^P^'^CC AGTCTGACTGTTTGGATCAAGGGTAOVCrrGCCTTGTCAACTCaULACTGACT " 

6061 TAAGAAGACTGCATTATATTTArrACTGTAAGAAAATATCACTTGTCAATAAAATCCATA 

6121 CATTTGTGT ( A) n 



1480 
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Cofi 

5*-CACTGCAGA CCATGGA GAGGTCGCCTCTGGAAAAGGCCAGCGTT-3' 
PsU Ncol 



Cof2 

3^TTCCGGTCGCAACAGAGGTnGAAAAAAA GTCGACGTC AG-y 

Pvull 



PstI 



RLL IN 



i DIGEST WITH Ncol AND Pvull 
Pvull 



h-MTllA PROMOTER I 10-1 

exon 1 




3'-fragment of 
CFTR cDNA 



Xhol 



FIG. 5. 
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FROM T1 6-4.5 
BstXI Ncol 
I I 



FROM TE27 

Ncol EcoRI 
I I 



SphI PROM 01-1/5 BstXI V EcoRI 





PstI 
J 




EccRI 



FIG. 6. 
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5--GCTACCAAAGCAGTACAGCCT-3* 



a'-GAGTCTTTACTAGCTCTTATAGGTTAGA-y 



Sr-CAGAAATGATCGAQAATATCCAATCT-a* 



S'-CACCTTAGTGTGACTCACCTGTAG-S' 



Xbal 



Sphl.. „. 
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FIG. 8. SUBSTITUTE SHEET 
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TRUNCATED CFTR 

2.5 r 
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FIG.16A. 



1.5 L- 



Forskolin 




FIG.16B. 
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FIG.16C. 
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10 min 
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identical in sequence to the mRNA. Typically_^<± clones arc 
«,nstmcted and propagated in an E. coli host. The full-length clone for 
?m^ppears to S^xic to E coli cells, however, so that convent'on^l 
air^chSo cloning are unlikely to work. Us ng Ae fragments of the 
cDN^lO-I. T16- 1 mid T16-4.5 (Science 245:1066) we have 
Seml^ed to'construct full-length don«, but eadi tnal h^ >^dd^ 
Drimarily grossly rearranged constructs. Only two appeared to be full 
S. 2,Se^ sequencing, were also found to haveanoo^hes, one 
ha^ng a 57 bp deletion in exon 6b, the other a single nudeoUde 
iSn in exon 8. To prove that diese clones were not merely cloning 

the deleted exon 6b was recloned in paralld wid. nomial 
sequence from Tl 6- 1 . The ddetion cloned with ^^^f^* W r c ones 
fold higher than the nomial sequence, and the f^"'*^"' "^^^^^ 
were Iso rearranged, whereas the ddeted c ones were stable. The ty^ 
and spadng of these clone-stabilizing mutations suggest that at least a 
^r. on of CFTR is expressed in the bacterial host ^nd that the unaltered 
product is toxic to the bacterium. Reducing the quant. ly of product by 
swUch'ng from a high copy number vector (Bluescript) toa lower copy 
number vector (-20 copies per cdl) of the pBR322 type yidds 
rearranged clones also. Addition of transcriptional tenn.nators at the 5 
end to shut off read-through or cryptic transcnpt.on from ^^^^^ «^ 
also ineflective. Likewise, antisense transcnption froni a lac promoter 
at (his- end fails to block the toxic effect of the gene Numerous other 
strategies haVe also been attempted without success As a P^^^\ 
ILL, however, we have been ablelo create small quarit.t.es of the 
full length done by ligation of the ddetion and insen.on dones to cadi 
;irataunique Ann restriction site. This methodgcnera^^^^^^^ 
amounts of template for in vitro transcnpt.on the RNA of whrch .s 
bdng injected into Xenopuslaevis oocytes. Similarly, this approach 
allows the generation of sufT.dent cDNA quantiues for small-scale 
Lnsient, <implementation assays in which the DNA is administered to 
the cell by microinjeclion. 



